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The present invention relates to new photoactive polymers, their use as liquid 
crystal (LC) orientation layers and their use in the construction of unstructured and 
structured optical and electro-optical elements and multi-layer systems. 
5 The successful functioning of a Liquid Crystal Device relies upon the ability of 

the LC molecules within that device to assume and maintain an alignment imposed 
upon them. Alignment of the LC molecules is achieved by use of an orientation layer 
which defines a direction of orientation for the LC molecules of the device with the 
result that the longitudinal axes of the molecules become aligned with the direction of 
10 orientation defined by the orientation layer. In addition to this "directional alignment, 
the orientation layer is also able to impart to the LC molecules an angle of tilt so that 
the molecules align themselves at an angle to the surface of the orientation layer rather 
than lying parallel thereto. 

Tilt angles of between 1° and 15° are usual for Nematic LCDs. Tilt angles of 
15 about 7° are required for supertwisted nematic (STN) LCDs in order to avoid the 
formation of so-called fingerprint textures. Vertically aligned nematic (VAN) LCD's 
for instance require pretilt angles of between 85° and 90°. 

Methods of preparing structured and unstructured orientation layers are well 
known to a skilled person. In particular it is known that by using linearly polarised 
20 light it is possible to prepare orientation layers in which both the direction of 
orientation and the tilt angle of the orientation layer are determined by the direction 
and angle of incidence of the plane polarised light used to irradiate said layer. 

Structured orientation layers are of great interest in many areas of display 
technology and integrated optics. These layers are characterised by regions (pixels) 
25 which alternate in respect of the direction of orientation and angle of tilt of their 
component molecules. These orientation layers can be used to improve the viewing 
angle dependency of TN, STN and VAN LCDs, for example: 

A possible method of producing high-resolution structured orientation patterns 
in liquid crystalline layers is described in Jpn. J. AppL Phys., Vol. 31 (1992), 2155. In 
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that process the dimerisation of polymer-bonded photoreactive rinnamic acid groups 
induced by irradiation with linearly polarised light is employed for the structured 
orientation of liquid crystals. Those photo-oriented polymer networks can be used 
wherever structured or unstructured liquid crystal orientation layers are required. In 
5 addition to their use in LCDs, these orientation layers can also be used, for example, 
in the production of so-called hybrid layers, as illustrated in European Patent 
Applications EP-A-0 611 981, EP-A-0 689 084 and EP-A-0 689 065. It is possible, 
using these hybrid layers of photostructured orientation polymers and crosslinkable 
low molecular weight liquid crystals, to prepare optical elements such as, 
1 0 non-absorptive colour filters, linear and circular polarisers, optical delay layers and so 
on. 



O The abmt y of resulting orientation layers to perform their function thus 

P depends, in part, upon the number of molecules in the layer that have been dimerised 

| 23 a result of irradiation with linearly polarised light. The extent to which the 

15 molecules are dimerised relies, in part, on the irradiation time, the irradiation energy 
ji.^ and the structure of the molecules being irradiated. 

j* EP-A-0 611 786, EP-A-0 763 552, EP-A-0 860 455, WO 96/10049 and 

S WO 99/1 5576 Scribe polymers that are suitable in principle for the production of 

such anisotropically crosslinked, photostructured orientation layers for liquid crystals. 

However, a problem with many polymers currently used in the preparation of 
photo-orientated orientation layers is that relatively long irradiation times are required 
to effect efficient dimerisation of the component molecules. There is, therefore, a 
need for photo crosslinkable polymers that can be readily cross-linked over a 
relatively short irradiation time. The present invention addresses that need. 

A first aspect of the present invention provides a polymeric compound 
comprising a repeating unit of formula (I) 
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(B^P 2 )^ 
(pi-Bi) nT -A (B3-P3) n3 



B 4 

ri 
i 

m which: 

p 5 A represents a nitrogen atom, a carbon atom, a group -CR - or an aromatic or 

Q alicyclic group, which is optionally substituted by a group selected from 

g| fluorine, chlorine, cyano and a Cms cyclic, straight-chain or branched 

X alkyl group, which is optionally substituted by a single cyano group or by 

(•* one or more halogen atoms and in which one or more non-adjacent alkyl 

□ 10 -CH2- groups are optionally replaced by a group selected from — O-, 

□ -CO- -CO-O-, -0-CO-, -Si(CH 3 )2~0-Si(CH3)2- 5 — NR 1 -, 

-NRi-CO- -CO-NRl- -NRl-CO-O- -O-CO-NRl- 

-NRi-CO-NR 1 -, -CH=CH- -C=C- and -O-CO-O- wherein Rl 
represents a hydrogen atom or lower alkyl, 

15 M represents a repeating monomer unit; 

n L to n 3 - each independently represent 0 or an integer having a value of from 1 to 3, 
with the proviso that 1 < n 1 + n 2 + n 3 < 4; 

pl , P 2 , p3 each independently represents a photoactive group; and 

B Uo each independently represent a residue of general formula II 

20 
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S 3 — f-Ci Si+± C 2 Si^—r 

n n 5 

n 

in which 

Sl to S3 each independently, represent a single bond or a spacer group selected 
from a C,.24 straight-chain or branched alkylene group, which is optionally 
5 substituted by a single cyano group or by one or more halogen atoms and 

in which one or more non-adjacent alkylene -CH 2 - groups are optionally 
replaced by a group selected from -O- -CO-, -CO-O-, -O-CO- 
-Si(CH 3 )2-0-Si(CH 3 )2- -NRl- -NRl-CO-, -CO-NRl- 
O -NRl-CO-O-, -O-CO-NRl-, -NRl-CO-NRl- -CH=CH- -c«C- 

£jj 10 ^ -O-CO-O- wherein R 1 is as denned above 

b ' ' • • • 

| Cl and C2 each independently represents an aromatic or an alicyclic group, which is 

P optionally substituted by a group selected from fluorine, chlorine, cyano or 

OT a Cl - 18 ° yCliC ' ^g 1 *-^** or branched alkyl group, which is optionally 

£ substitoted by a single cyano group or by one or more halogen atoms and 

2 15 " Which one or more »°n-adjacent alkyl -CH 2 - groups are optionally 

replaced by a group selected from -O-, -CO-, -CO-O-, -O-CO- 
-Si(CH 3 )2-0-Si(CH 3 )2- -NR1-, -NRl-CO-, -CO-NRl-' 
-NRl-CO-O-, -O-CO-NRl-, -NRl-CO-NRl-, -CH=CH-, -CsC- 

and -O-CO-O- wherein Rl represents a hydrogen atom or lower alkyl, 
20 and 

n^ and n 5 are each independently 0 or 1 . 

The polymeric compounds of the present invention can be readily aligned 
upon exposure to linearly polarised light In addition, by using the compounds of the 
invention, it is possible to reduce the irradiation time required to form cross-linked 
25 polymer films. 
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By the term "aromatic" it should be understood to include optionally 
substituted carbocylic and heterocyclic groups. 

By the term "cyclic, straight-chain or branched alkyl group, which is 
optionally substituted by a single cyano group or by one or more halogen atoms and in 
which one or more non- adjacent -CH2- groups are optionally replaced by a group 
selected from -O- -CO-, -CO-O-, -O-CO, -CH=CH- and ~OC- " it should be 
understood to include groups selected from the group comprising methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, cyclopentyl, 
hexyl, cyclohexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 3-methylpentyl, allyl, 
but-3-en-l-yl, pent-4-en-l-yl, hex-5-en-l-yl, propynyl, butynyl, pentynyl, methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, seobutoxy, terf-butoxy, pentyloxy, 
isopentyloxy, cyclop entyloxy, hexyloxy, cyclohexyloxy, heptyioxy, octyloxy, 
nonyloxy, decyloxy, undecyloxy, dodecyloxy, 3 -methylp entyloxy, allyloxy, 
but-3-enyloxy, pent-4-enyloxy, cylohexylmethoxy, cyclopentyhnethoxy, methoxy- 
carbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, 
isobutoxycarbonyl, sec-butoxycarbonyl, tert-butoxycarbonyl, pentyloxycarbonyl, 
isopentyloxycarbonyl, cyclop entyloxycarbonyl, hexyloxycarbonyl, cyclohexyloxy- 
carbonyl, octyloxycarbonyl, nonyloxycarbonyl, decyloxycarbonyl, undecyloxy- 
carbonyl, • dodecyloxycarbonyl, 3-methylpentyloxycarbonyl, allyloxy carbonyl, 
but-3-enyloxycarbonyl, pent-4-enyloxycarbonyl, cylohexylmethoxycarbonyl, cyclo- 
pentylmethoxycarbonyl, acetoxy, ethylcarbonyloxy, propylcarbonyloxy, isopropyl- 
carbonyloxy, butylcarbonyloxy, isobutylcarbonyloxy, sec-butylcarbonyloxy, 
terzMmtylcarbonyloxy, pentylcarbonyloxy; isopentylcarbonyloxy, cyclopentyl- 
carbonyloxy, hexylcarbonyloxy, cyclohexylcarbonyloxy, octylcarbonyloxy, nonyl- 
carbonyloxy, decylcarbonyloxy, undecylcarbonyloxy, dodecylcarbonyloxy, 4 
3-methylpentylcarbonyloxy, but-3-enyloxy, pent-4-enyloxy, acetyl, ethylcarbonyl, 
propylcarbonyl, isopropylcarbonyl, butylcarbonyl, isobutylcarbonyl, sec-hutyl- 
carbonyl, pentylcarbonyl, isopentylcarbonyl, cyclohexylcarbonyl, octylcarbonyl, 
nonylcarbonyl, decylcarbonyl, undecylcarbonyl, dodecylcarbonyl, methoxyacetoxy, 
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l-methoxy-2-propoxy, 3-methoxy-l-propoxy, 2-methoxyethoxy, 2-isopropoxyethoxy, 
l-ethoxy-3-pentyloxy, 3-butynyloxy, 4-pentynyloxy, 5-chloropentynyl,' 
4-pentynecarbonyloxy, 6-propyloxyhexyl, 6-propyloxyhexyIoxy, 2-fluoroethyl, 
trifluoromethyl, 2,2,2-trifluoroethyl, li?,l#- P entadecafluorooctyl, liy,liJ,7ff-dodeca- 
5 fluoroheptyl, 2-(perfluorooctyl)ethyl, 2-(perfluorobutyl)ethyl, 2-(perfluorohexyl)ethyl, 
2-(perHUorodecyl)ethyl, perfluoropropyl, perfluorobutyl, perfluoroheptyl,' 
perfluorooctyl, perfluorononyl. 1-fluoropropoxy, 1 -fluoropentyloxy, 2-fluoropropoxy ' 
2,2-difluoropropoxy, 3-fluoropropoxy, 3,3-difluoropropoxy, 3,3,3-trifluoropropoxy,' 
trifluoromethoxy and the like. 

» 10 By the term "lower alkyl" it should be understood to include straight chain and 

g branched hydrocarbon radicals having from 1 to 6 carbon atoms, preferably from 1 to 

| J 3 carbon atoms. Methyl, ethyl, propyl and isopropyl groups are especially preferred. 

| By term "Cyclic" it should be understood to include non-aromatic 

* j carbocychc or heterocyclic ring systems with 3 to 20 carbon atoms. 

The group A is preferably an optionally substituted aromatic group. It is also 
preferred that when the group A is optionally substituted by an alkyl group, one or 
more of the alkyl -CH 2 - groups are optionally replaced by a group selected from -O-, 
O -CO- -CO-O- -O-CO- and -CH=CH-. 

w 

It is especially preferred that A is selected from the group selected from 
20 1,2,5-benzenetriyl, 1,3,5-benzenetriyl and 1,3,4,5-benzenetetrayl, which are optionally 
substituted by one or more fluorine atoms. The group preferably occupies position 
1 of the especially preferred group A. 

It is preferred that when n 1 + n 2 = 2 and n 3 = 0, A represents -CR 1 - or an 
optionally substituted aromatic or alicyclic group. Alternatively, when n 1 = 3 and n 2 + 
25 n 3 = 0, A represents an optionally substituted aromatic or alicyclic group only. 

The groups P 1 , P 2 and P 3 can be photoisomerised or. photodimerised on 
exposure to UV or laser tight. The groups P 1 to P 3 preferably undergo photocyclisation 
reactions. The groups P 1 to P 3 are preferably represented by the general formulae Hla 
andHIb: 
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wherein the broken line indicates the point of linkage to S 3 and wherein: 

D represents pyrinxidine-2,5-diyl, pyridine-2,5-diyl, 2,5-thiophenylene, 

2,5-fiiranylene, 1,4- or 2,6-naphthylene; a phenylene group, which is 
optionally substituted by a group selected from fluorine, chlorine, cyano; or a 
C1-18 cyclic, straight-chain or branched alkyl residue, which is optionally 
substituted by a single cyano group or by one or more halogen groups and in 
which one or more non-adjacent alkyl -CH2- groups are optionally replaced 
by a group selected from — O-, -CO—, — CO— O— , — O— CO-, 
-Si(CH3)2-0-Si(CH3)2- -NR 1 -, -NRl-CO-, -CO-NR*-, 

.NrLcO-O-, -O-CO-NR 1 -, -NRI-CO-NR*-, -CH-CH- -C=C- and 
-O-CO-O, wherein R 1 is as defined above; 

E represents -OR 3 , - NR 4 R 5 or an oxygen atom, which defines together with 
the ring D a coumarin unit, wherein R 3 , R 4 and R^ are selected from 
hydrogen and a Cms cyclic, straight-chain or branched alkyl residue, which is 
optionally substituted by one or more halogen atoms and in which one or 
more non-adjacent alkyl -CH2- groups are optionally replaced by a group 

selected from -O-, -CO-, -CO-O-, -O-CO- and -CH=CH- or R 4 and 
R5 together form a C5-8 alicyclic ring; 
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X, Y each independently represent hydrogen, fluorine, chlorine, cyano or a C,. 12 
alkyl group, which is optionally substituted by fluorine and in which one or 
more non-adjacent alkyl -CH 2 . groups are optionally replaced by a group 
selected from -O-, -CO-0-, -O-CO- and -CH=CH-; 

R 2 represents hydrogen or a C M8 straight-chain or branched alkyl residue, which 
is optionally substituted by a single cyano group or by one or more halogen 
atoms and in which one or more non-adjacent alkyl -CH 2 - groups are 
independently optionally replaced by a group selected from -O-, -CO-, 
-CO-O-, -O-CO-,- -Si(CH 3 )2-0-Si(CH 3 )2- -NRl-, -NRl-CCK 
-CO-NRl-, -NRl-CO-O-, -O-CO-NRl-, -NRl-CO-NRl-, ' 
-CH=CH-, -C=C- and -O-CO-O-, wherein R 1 is as denned above. 
It is preferred that the groups X and Y represent hydrogen. 
It is also preferred that the group D is selected from pyrinudine-2,5-diyl, 
pyridine-2,5-diyl, 2,5-thiophenylene, 2,5-furanylene, 1,4- or 2,6-naphthylene and a 
phenylene group, which is optionally substituted by a C,. 12 cyclic, straight-chain or 
branched alkyl residue, which alkyl group is optionally substituted by one or more 
halogen groups and in which one or more non-adjacent alkyl -CH 2 - groups are 
independently optionally replaced by a group selected from -O-, -CO-, -CO-O- 
-O-CO-, -CH=CH- and -C=C-. 

It is especially preferred that D is selected from pyrimidine-2,5-diyl, 
pyridine-2,5-diyl, 2,5-furanylene, 1,4- or 2,6-naphthylene and phenylene, which is 
optionally substituted by a C M straight-chain or branched alkyl residue, which alkyl 
group is optionally substituted by one or more fluorine atoms, and wherein one or 
more non-adjacent alkyl -CH 2 - groups are independently optionally replaced by a 
group selected from -O-, -CO-, -CO-O- -O-CO- and -CH=CH-. 
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By the term "phenylene" it should be understood to include 1,2-, 1,3- or 
1,4-phenylene, which is optionally substituted. It is preferred that the phenylene group 
is either a 1,3- or a 1,4-phenylene. 1,4-phenylene groups are especially preferred. 

Preferred groups E are selected from -OR 3 and -NR 4 R 5 , wherein R 3 and R 4 
5 represent a Cms cyclic, straight-chain or branched alkyl residue, which is optionally 
substituted by one or more halogen atoms, and in which one or more non-adjacent 
alkyl -CH2- groups are independently optionally replaced by -O- or -CH=CH- 

wherein R 5 is selected from a hydrogen atom or a Cms cyclic, straight-chain or 
U branched alkyl residue, which is optionally substituted by one or more halogen groups 

Q 10 and which one or more non-adjacent alkyl -CH2- groups are optionally independently 

y 

Q replaced by -O- or -CH=CH- or R 4 and R 5 together to form a C 5 -8 alicyclic ring. 

It is especially preferred that E is selected from the group comprising -OR 3 or 
-NHR 4 , wherein R 3 and R 4 represent a Ci-ig cyclic, straight-chain or branched alkyl 
residue which is optionally substituted by one or more fluorine atoms and in which 
15 one or more non-adjacent alkyl -CH2- groups are independently optionally replaced 

by -O-. 

Preferred groups B 1 to B4 are groups of formula II where n 4 + n 5 < 1 . 
It is preferred that each of the groups C 1 and C 2 comprising the groups B 1 to B 4 
are selected from cyclohexane-l,4-diyl, pyrimidine-2,5-diyl, pyridine-2,5-diyl, 1,4- or 
20 2,6-naphthylene and phenylene, which is optionally substituted by one or more groups 
selected from fluorine, chlorine, cyano and a Cm2 cyclic, straight-chain or branched 
alkyl residue, which is optionally substituted by a single cyano group or by one or 
more halogen atoms and in which one or more non- adjacent alkyl -CH2- groups are 
optionally independently replaced by a group selected from -O- -CO-, -CO-O-, 
25 . -O-CO- -CH=CH- -OC- and -O-CO-O-. 

It is especially preferred that the groups C 1 and C 2 are selected from 
cyclohexane-l,4-diyl, pyrimidine-2,5-diyl, pyridine-2,5-diyl, 2,6-naphthylene and 
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phenylene, which is optionally substituted by one or more fluorine atoms or a C,. 8 
straight-chain or branched alkyl residue, which is optionally substituted by one or 
more fluorine atoms, and in which one or more non-adjacent alkyl -CH 2 - groups are 
independently optionaUy replaced by a group selected from -O-, -CO-, -CO-O- 
5 -O-CO- and -CH=CH-. 

It is preferred that the groups S l to S 3 are selected from a single covalent bond, 
-0-, -CO-O-, -O-CO-, -NRl- -NR1-CO-, -CO-NRl-, -NRl-CO-O-,' 
-O-CO-NRl-, -NRl-CO-NRl-, -CH=CH-, -CC-, -O-CO-O-and a 
^ straight-chain or branched alkylene group, which is optionally substituted by one or 

| 10 more groups selected from fluorine, chlorine and cyano and in which two or three 
non-adjacent alkylene -CH 2 - group are independently optionally replaced by a group 
selected from -O-, -CO-O-, -O-CO-, —NRl- -NRl-CO- -CO-HR.1- 
-KRl-CO-O-, -0-CO-NR2_ -NRl-CO-NRl- -CH=CH- -C^C- 
-O-CO-O- and -Si(CH 3 ) 2 -0~Si(CH 3 ) 2 -, wherein Rl is as defined above and with 
M 15 the proviso that firstly, the total number of chain carbon atoms in the alkylene group 
does not exceed 24 and secondly, when the repeating monomer unit M is linked to B4 
via a nitrogen atom or a oxygen atom S 1 , S 2 and S 3 are not -O-, -CO-O-, -O-CO- 
— NRl— , -NRl-CO-, -CO-NRl-, -NRl-CO-O-, -O-CO-NRl-, 
-NRl-CO-NRl-, -CH=CH-, -C=C- or -O-CO-O-. 

It is more preferred that Sl to S3 are selected from -CO-O-, -O-CO- 
-(CH 2 )r-, -(CH 2 )r-0- -(CH 2 )r-CO-, -(CH 2 )r-CO-0-, -(CH^r-O-CO-' 
-(CH 2 )r-CO-NRl-, -(CH^NRl-CO-, -(CH 2 )r-NRl- ^-(CH^, 
-CO-0-(CH 2 )r-, -O-C0-(CH 2 )r-, -NRl-CO-CCH^, -CO-NRl-CCH2)r-, 
-NRl-(CH 2 )^, -0-(CH 2 )r-CO-0-, -0-(CH 2 )r-0-CO-, 

25 -0-(CH 2 )r-CO-NRl-, -0-(CH 2)r -NRl-, -0-(CH 2 )^0-, -0-(CH 2 )rNRl-CO-, 
-NRl-(CH 2 )r-CO-0-, -NR l-(CH 2 )r-0-, -NRl-(CH 2 )^NRl-, 
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-NRl-(CH2)r-0-CO- -CO-NRl-(CE2)r-0- -CO-NRl-(CH2)r-NRl- 
-C0-NR l -(CH2)r-O-CO-, -O-C0-(CH2)r-CO-, -0-CO-(CH 2 )i-0-, 
-0-CO-(CH2)i-NR2- J -0-CO-(CH2)i-CO-0-, -0-CO-(CH2)r-CO-NRl- 
-0-CO-(CH2)r-N& 1 -CO- -(CH2)r-0-(CH2)s-, -(CH2) 3 -CO-0-{CH2) s -, 
-(CH 2 )r-0-CO-(CH2)s-, -(CH 2 ) r -NR 1 -CO-(CH2)s- 3 -(CH 2 )j-NRl- 

Cp-0-(CH 2 )s- s -(CH 2 )r-0-(CH2)s-0- 5 -(CH2) 3 -CO-0-(CH2) s -0- > 
-(CH 2 )i-0-C0-(CH2)s-O-, -(CH2)r-NR 1 -CO-(CH2)s-0-, -(CH 2 )r-NRl- 
C0-0-(CH 2 )s-O-, -0-(CH 2 )r-0-(CH 2 )s-, -O-(CK2h-C0-O-(CH.2)^, 
-0-(CH2)r-NR 1 -CO-(CH2)s- -0-(CH 2 )r-NRl-CO-0-(CH2)s-, -0-(CH 2 )r- 
C00-(CH 2 )s-O-, -0-(CH2)r-0-(CH2)s-0- -0-(CH 2 )i-NRl-CO-(CH2)s-0- J 
-0-(CH2)r-NR 1 -CO-0-(CH2)s-0-, -C0-0-(CH2)i-O-(CH2)s- and -CO-O- 
(CH2)r-0- (CH2)s— O— , wherein R 1 is as defined above, r and s each represent an 
integer from 1 to 20, preferably from 2 to 12, and r + s £ 21, preferably £15. 

By the terms -(CH2)r- and -(CH2)s- it should be understood to include 
straight-chain or branched alkylene groupings conta inin g r or s carbon atoms 
respectively. Optional substituents include alkyl, aryl, cycloalkyl, a m i n o, cyano, 
epoxy, halogen, hydroxy, nitro and oxo. 

It is especially preferred that are selected from —(0112)1—, 

-(CH 2 )r-0-, -(CH 2 )r-CO-0-, -(CH 2 )r-0-CO- -(CH2)r-CO-NH- 
-(CH 2 )r-NH-CO-, -0-(CH 2 )r-, -CO-0-(CH 2 )r-, -CO-NH-(CH 2 )r-, 
-0-CO-(CH2)r-, -O-CO-(CH2)r-C0-0-, -0-(CH 2 )r-0-CO-, -0(CH 2 )r- 
CO-NH-, -0-(CH2)r-NH-CO-, -C0-O-(CH 2 )r-O-, -C0-NH-(CH 2 )r-O- s 
-0-(CH 2 )r-0- -(CH 2 )r-NH-CO-(CH2)s-, -(CH 2 ) r -NH-CO-0-(CH 2 )s- 1 
-(CH2)r-0-(CH2)s-O-, -(CH 2 )r-NH-CO-(CH2)s-0-, -(CH 2 )r-NH- 

. C0-O-(CH2)s-O-, -O-(CH2)r-NH-C0-(CH 2 )s- -0-(CH2)r-0-(CH 2 ) s -0- 
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-O-CO-CCH^OK^)^-, -CO-CHCBa-CHCHa^. -o- ( ch 2 ^ 
NH-CP-(CH 2 ) E -0- and -0-COHCH 2 ^^ 0 - ( CH 2 ) s -0-, wherein r and s 
each represent an integer ftom 2 to 12 and r+ s £ 15. 

Examples of preferred the preferred groups S l to S 3 in cIade li2 . ethylene 
5 1 3-propylene, 1,4-burylene, 1,5-penrylene, I.o-hesylene, 1,7-heptylene, 1,8-octylene" 
1,9-nony.ene, 1,10-deey.ene, 1,,1-undecylene, ,,l 2 -dodecylene, 3-n,ethy,- 
-1,4-burylene, 3-propyleneoxy, 3-propyleneoxycarbonyl, 2-efl,ylenecarbonyloxy 

4- buty.eneoxy. 4-butyleneoxycarbonyl, 3-propylenecarbonyloxy, 5-penty.eneoxy' 

5- pentyIeneoxycarbonyl, 4-bu.yleneoarbonyioxy, 6-bexyleneoxy, o-hexyleueosyc' 
g 10 arbony, 5-penty.enecarbony.oxy, 7-h=ptyleneoxy, T-bepry.eneoxycarbony, 
O S-hexylenecarbonyloxy, 8-octyleaeoxy, 8-octyleneoxycarbony!, 7-heptyl=necarbonyl- 
g oxy, 9-nonylen=oxy, 9-nonyleneoxyearbonyl, 8-o«ylen=carbonyloxy, 10-decylene- 
g oxy 10-decyleneoxycarbony!, 9-nonylenecarbonyloxy, 11-undecyieneoxy 

-undecyeneoxyearbonyl, 10-decy.enecarbonyloxy, l 2 -dode=y,eneoxy,' 

h 15 12-dodecyleneoxycarbonyl, 11-undecyleneoarbonyloxy, S-propyteneinnnoearbonyl 
jj 4-butyleneiminooarbonyl, 5-pentyleneinnnocarbonyl, o-bexytoetainocarbonvl' 

S 7-heptylenenninocarbonyl, 8-octyieneinnnocarbonyl, 9-nonyleneiminooarbonyl 

10-deeylenenninocarbonyl, 1 1-uadecylenetainocarbony, 12-dodecylenennino-' 
oarbonyl, 2-ethylenecarbonylhnino, 3-propylenecarbonylimino, 4-buryleneearbonyl- 
unmo, 5-penrylenecarbonylfaino, 6-hexylenecarbonynmino, 7-heptylenecarbonyl- 
untno, 8-octylenecarbonylnnino, 9-nonylenecarbonyIimino, , O-deeylenecarbonyl- 
mnno, 11-undecyleneoarbonylnnino, ^-propytoeinnnocarbonyloxy^exylene 
6-(3-prop yl eneoxy)hexylene, 6-(3-propyleneoxy)hexyleneoxy, 6-(3-propylenei m ino- 
■ =arbonyloxy)bexyleneoxy, 6-(3-prop yI enehninoearbonyl)hexyl, ^-propyteaehnino- 

25 carbonyOhexyloxy, 1^-ethylenedioxy, 1,3-propylenedioxy, 1,4-bntylenedioxy 
1,5-pentylenedioxy, 1,6-hexylenedioxy, 1,7-heptylenedioxy, ,,8-octylenedioxy' 
1,9-nonylenedioxy, 1,10-decylenedioxy, 1,11-undecylenedioxy, 1,12-dodecylene ' 
dioxy and the like. 
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It is preferred that the unit of formula (I) comprises at least 50% of the 
monomer building blocks, which form the main chain of a photoactive polymer. It is 
especially preferred that the unit of formula (I) comprises at least 70% of the 
monomer building blocks forming the photoactive polymer. 

The repeating monomer unit M represents part of a homopolymer or a co- 
polymer. It is preferred that M forms part of a co-polymer. By the term "copolymer" it 
is to be understood to include statistical copolymers. 

The repeating monomer units M are preferably selected from acrylate; 
methacrylate; 2-chloro acrylate; 2-phenylacrylate; aciylamide, methacrylamide, 
2-chloroacrylamide and 2-phenylacrylarni de, the nitrogen atom of which is optionally 
substituted by a lower alkyl group; vinyl ether; vinyl ester; a styrene derivative; 
siloxane; imide; amic acid; amic acid esters; amidimide; maleic acid derivatives and 
fumaric acid derivatives. 

It is more preferred that the repeating monomer unit M is selected from 
acrylate; methacrylate; acrylamide and methacrylamide the nitrogen atom of which is 
optionally substituted by a lower alkyl group; vinyl ether; vinyl ester; a styrene 
derivative, imide, amic acid, amic acid esters and amidimide. 

It is especially preferred that the repeating monomer unit M is selected from 
acrylate, methacrylate, a styrene derivative, imide, amic acid, amic acid ester, and 
amidimide. 

When the monomer unit M is an imide group, it is preferably selected from 
structures of the general formulae VI, VII, VIII, IX, X and XI: 



O 



O 




O 
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XI 

wherein the broken line symbolises the linkage to 

represents a tetravalent organic radical; 

j2 9 j3 each independently represent a trivalent aromatic or alicyclic group which 
is optionally substituted by a group selected from fluorine, chlorine, cyano 
and a Ci-is cyclic, straight-chain or branched alkyl residue, which is 
optionally substituted by one or more halogen groups and in which one or 
more non-adjacent alkyl -CH2- groups are independently optionally 
replaced by a group selected from -O- -GO-, -CO— O— , — O-CO-, 
-CH=CH- and -C-C- 

g4 to 38 are each independently selected from a single covalent bond and a C\. 2 4 
straight-chain or branched alkylene residue, which is optionally 
substituted by a single cyano group or by one or more halogen atoms and 
in which one or more non- adjacent alkylene -CH2- groups are, 
independently, optionally be replaced by a group selected from -O-, 
-CO-, -CO-O- -O-CO- -Si(CH3)2~0-Si(CH3)2- -NRl- 
-NRl-CO-, -CO-NR 1 - -NRi-CO-O-, -O-CO-NR 1 - 
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-NRl-CO-NRl-, -CH-CH-, -CC- aad -O-CO-O-, wher=m R 1 is „ 
defined above; 

J is selected from the group comprising a nitrogen atom, a group - 

CRl- and an aromatic or aiicyclic divalent, trivalent or tetravalent group, 
5 which is optionally substituted by one or more groups selected from 

fluoro, chloro, cyano and a C M8 cyclic, straight-chain or branched alkyl 
residue which is optionally substituted by a single cyano group or by one 
or more halogen atoms, and in which one or more non-adjacent -CH 2 - 
t . ^endently, optionally, replaced by a group selected from 

I 10 - C0 - - C °-°-> -O-CO-, -CH=CH- and -C-C-, wherein R 1 

as defined above; 

Q 

4S- K 



is 



represents an aliphatic, aiicyclic or aromatic divalent radical; and 
G represents a hydrogen atom or a monovalent organic group. 



I 15 By 016 tenn "^P^" ^ should be understood to include saturated and 



20 



□ unsaturated, straight-chain and branched alkyl groups, which may be optionally 

substituted and in which one or more non-adjacent -CH 2 - groups are replaced by one 
or more heteroatoms. Optional substituents include alkyl, aryl, cycloalkyl, amino 
cyano, epoxy, halogen, hydroxy, nitro and oxo. Examples of heteroatoms that can' 
replace the one or more -CH 2 - groups include nitrogen, oxygen and sulfur. 
Replacement nitrogen atoms may be further substituted with groups such as alkyl, aryl 
and cycloalkyl. ' 

The tetravalent organic' radical T 1 is preferably derived from an aliphatic.' 
aiicyclic or aromatic tetracarboxylic acid dianhydride. Aiicyclic or aliphatic 
tetracarboxylic acid anhydrides are preferably selected from butanetetracarboxylic 
acid dianhydride, ethylenemaleic acid dianhydride, 1,2,3,4-cyclobutanetetracarboxyHc 
acid dianhydride, 1,2,3,4-cyclopentanetetracarboxyhc acid dianhydride 
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2,3,5-tricarboxycyclopentylacetic acid dianhydride, 3,5,6-tricarboxynorbornylacetic 
acid dianhydride,. 2,3,4,5-tetrahydrofurantetracarboxylic acid dianhydride, 
4-(2,5-dioxotetrahydtofuran-3-yl)tetrahydronaphthalene- 1,2-dicarboxylic acid 
dianhydride, 5-(2,5-dioxotetrahydrofiiran-3-yl)-3-methyl-3-cyclohexene- 1 ,2- 

-dicarboxylic acid dianhydride, bicyclo[2.2.2]oct-7-ene-2,3,5,6-tetracarboxyIic acid 
dianhydride, bicyclo[2.2.2]octane-2,3,5,6-tetracarboxylic acid dianhydride and 
l,8-dimethylbicycIo[2.2.2]oct-7-ene--2,3,5,6-tetracarboxyhc acid dianhydride. 

Aromatic tetracarboxylic acid dianhydrides are preferably selected from 
pyromellitic acid dianhydride, S^^.^-benzophenonetetracarboxylic acid 
dianhydride, 4,4'-oxydiphthalic acid dianhydride, 3,3^4,4'-chphenylsulfonetetra- 
carboxylic acid dianhydride, l,4,5,8^naphthalenetetracarboxylic acid dianhydride, 
2,3,6,7-naphthalenetetracarboxylic acid dianhydride, 3,3 , ,4,4 , -dimethyldiphenylsilane- 
tetracarboxylic acid dianhydride, 3,3^4,4-tetraphenylsilanetetracarboxylic acid 
dianhydride, 1,2,3,4-furantetracarboxylic acid dianhydride, 4,4-bis(3,4-dicarboxy- 
phenoxy)diphenyl sulfide dianhydride, 4,4'-bis(3,4-dicarboxyphenoxy)diphenyl 
sulfone dianhydride, 4,4 f -bis(3,4-dicarboxyphenoxy)diphenylpropane dianhydride, 
3,3',4,4-biphenyltetracarboxylic acid dianhydride, ethylene glycol bis(trimellitic acid) 
dianhydride, 4,4 ? -(l,4-phenylene)bis(phthaJic acid) dianhydride, 4,4'-(l,3~ 
phenylene)bis(phthalic acid) dianhydride, 4,4 f -(hexafltioroisopropylidene)diphthalic 
acid dianhydride, 4,4 ! -oxydi(l,4-phenylene)bis(phthalic acid) dianhydride and 
4,4'-methylenedi(l,4-phenylene)bis(phthahc acid) dianhydride. 

It is especially preferred that the tetracarboxylic acid dianhydrides used to 
form the tetravalent organic radical T 1 are> selected from 1,2,3,4-cyclo- 
butanetetracarboxyhc acid dianhydride, 1,2,3,4-cyclopentanetetracarboxylic acid 
dianhydride, 2,3,5-tricarboxycyclopentylacetic acid dianhydride, 5-(2,5-dioxotetra- 
hydrofuran-3-yI)-3-methyl-3-cyclohexene-l ,2-dicarboxyhc acid dianhydride, 
4-(2,5-dioxotetrahydrofuran~3-yl)telxahydronaphthalene- 1 ? 2-dicarboxylic acid di- 
anhydride, 4,4'-(hexafluoroisopropylidene)diphthalic acid dianhydride and bicyclo- 
[2.2.2]oct-7-ene-2,3,5,6-tetracarboxylic acid dianhydride. 
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Each of the groups T 2 and T 3 can be derived from an aliphatic, alicyclic or 
aromatic dicarboxylic acid anhydride. 

The.groups T 2 and T3 are preferably trivalent aromatic or alicyclic groups, the 
three valencies of which are disfributed between three different carbon atoms, with the 
5 proviso that two of the valencies are located at adjacent carbon atoms. It is especially 
preferred that the groups T2 and T3 are trivalent benzene derivatives. 

The group is preferably selected from a single covalent bond 

-(CH 2 )r-, -(CH 2 )r-0-, -(CH 2)r -CO-, -(CH 2 )r-CO-0-, -(CH 2)r -0-CO-, 
-(CH 2)r -CO-NRl-, -(CH 2)r -NRl-CO-, K CH 2)r -NRl-, -(CH^O-CCH^ 
O 10 -(CH 2)r -CO.O-(CH2) s -, -(CH2)r-0-CO-(CH 2 ) s -, -(CH 2 )^NRl-CO-(CH 2 >s-, 
| -(CH 2)r -NRl-CO-0- ( CH 2 ) s - > -(C^OCC^-O-! 

-(CH^CO-CKCH^s-O-, -(CH 2)r -0-CO-(CH 2)s -O- 5 
-(CH^r-NRl-COKCH^s-O-, -(CH 2 )r-NRl_C0-0-(CH 2 ) s -0-, -(CH 2)r -0- 
g (CH 2)s -CO-0- and -(CH 2 )^0-<CH 2 ) s -0-CO- 3 wherein R» is as defined herein 

ql5 above; r and s each represent an integer from 1 to 20; and r + s < 21. It is more 
| preferred that r and s each represent an integer from 2 to 12. It is especially preferred 

U thatr + s < 15. 

Examples of preferred groups include 1,2-ethylene, 1,3-propylene, 
1,4-butylene, 1,5-pentylene, 1,6-hexylene, 1,7-heptylene, 1,8-octylene, 1,9-nonylene,' 
20 1,10-decylene, 1,1 1-undecylene, 1,12-dodecylene, 3 -methyl- 1,4-butylene,' 

3- propyleneoxy, 3-propyleneoxycarbonyl, 2-ethylenecarbonyloxy, 4-butyleneoxy,' 

4- butyleneoxycarbonyl, 3-propylenecarbonyloxy, 5-pentyleneoxy, 5-pentylene- 
oxycarbonyl, 4-butylenecarbonyloxy, 6-hexyleneoxy, 6-hexyleneoxycarbonyl, 

5- pentylenecarbonyloxy, 7-heptyleneoxy, 7-heptyleneoxycarbonyl, 6-hexylene- 
carbonyloxy, 8-octyleneoxy, 8-octyleneoxycarbonyl, 7-heptylenecarbonyloxy, 

9- nonyleneoxy, 9-nonyleneoxycarbonyl, 8-octylenecarbonyloxy, 10-decyleneoxy,' 

10- decyleneoxycarbonyl, 9-nonylenecarbonyloxy, 1 1 -undecyleneoxy, 1 1-undecylene- 
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oxycarbonyl, 1 O-decylenecarbonyloxy, 12-dodecyleneoxy, 12-dodecylene- 
oxycarbonyl, 1 1-undecylenecarbonyloxy, 3-propyleneiminocarbonyl 3 4-butylene- 
iminocarbonyl, 5-pentyleneiminocarbonyl, 6-hexyleneiminocarbonyi, 7-heptylene- 
iminocarbonyl, 8-octyleneiminocarbonyl, 9-nonyleneiminocarbonyl, 1 0-decylene- 
iminocarbonyl, 1 1-undecyleneiminocarbonyl, 12-dodecyleneiminocarbonyl, 
2-ethylenecarbonylimino, 3-propylenecarbonylimino, 4-bu1ylenecarbonylimino 9 

5- pentylenecarbonylimino, 6-hexylenecarbonylimino, 7-heptylenecarbonylimino, 
8-oc1ylenecarbonylimino, 9-nonylenecarbonylimino, 1 O-decylenecarbonylimino, 
1 1 -undecylenecarbonylimino, 6-(3-propyleneiminocarbonyloxy)liexylene 9 

6- (3-propyleneoxy)hexylene, 6-(3-propyleneoxy)hexy* eiie oxy, 6-(3-propyleneimino- 
carbonyloxy)hexyleneoxy, 6-(3-propyleneiminocarbonyl)hexylene, 6-(3 -propylene- 
iminocarbonyl)hexyleneoxy and the like. 

The groups and are preferably selected from a single bond, — (CH2)r- 5 
-0-(CH 2 )r- 5 -CO-(CH 2 ) rJ -CO-0^(CH 2 )i~ s -0-C0-(CH 2 )^, 

-NRl-CO-(CH 2 )r-, -NRl-(CH2)r^ -CO-NRl-(CH 2 )r-, -NR 1 -CO~(CH 2 ) r - s 
-0-(CH 2 )r-0-(CH 2 ) s - -(CH 2 )r-CO-0-(CH 2 ) s - 5 -(CH 2 )r-0-CO-(CH 2 ) s - 3 
-(CH 2 )r-NRl-CO-(CH 2 ) s ^ -(C^^NRlCO-O-CCH^s-, 
-0-(CH 2 )i-0-(CH 2 )s- -0-(CH 2 )^CO-0-(CH2) S - 
-0-(CH 2 )r-0~CO-(CH 2 ) s - -0-(CH 2 )i-NRl-CO-(CH 2 ) s - 3 ~0-(CH 2 )^NR1- 
C 0-0-(CH 2 )s- 5 -0-CO-(CH 2 )^0-(CH 2 )s- and -CO-O-CCH^O-CCH^s-, 
wherein R 1 is. defined as herein above; r and s each represent an integer from 1 to 20; 
and r + s < 21. It is more preferred that r and s each represent an integer from 2 to 12. 
It is further preferred that r + s < 1 5. 

Examples of preferred groups S 5 and S 8 include i ,2-ethylene, l,3-propylene 3 
1,4-butylene, 1,5-pentylene, 1 ,6-hexylene, 1,7-heptylene, 1,8-octylene, 1,9-nonylene, 
1 , 1 0-decylene, 1,11 -undecylene, 1 , 12-dodecylene, 3-methyl- 1 ,4-butylene, 2-oxy- 
ethylene, 3-oxypropylene, 4-oxybutylene, 5-oxypentylene, 6-oxyhexylene, 7-oxy- 
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h=P<y>=ne S-o^onyJene, 10-0* T deey,ene, U-oxyundecyiene 

^xydodeeyiene, 2 <« aiyIfflt , 3-<oxycarbonyl)prop yI en e , 4^ 
-bony^ene, S^ycarbonyOpenfry^, ^oxycarbony,^" 

dode= yl ene 2-(carbonyloxy)ethyJene, 3<carbo ny ,„^ yIenc , 4.^0^ 
brtyfenc Hc^oxy^e, 0 . {carbonyIo ^ 
hep-ylene, SKcarbony^ortylene, Hcarbony^ony.ene, ,0- carbon 
decytae, 1 Kcarbonyl OX y)unde C yIene, l^carbonytoxytfodecylene 2 fclo 
10 bnfrro^ene, 3- ( e^« propylene , ^ 

O ^on^o^ene, 7 Kcarbonylimino)heptylEne 

g -(carbonyb^oocy^, 9<carbonyb*bno)non yI ene, .^-dK^JjJ^T 

O H-bonyb^no^d^, ^carbonyb^dodecy.ene, 2-b^L^ 

. 3--nopropy en=, 4-b^obu^ne, 5-tainopentyIene, o-tainohe^, 7 .Lo-' 
h^leae. S-nninoocry.ene, S-innnononylene, ,0.^ ™ 



HIS 

g --^ododecylene, 2-iBunocarbonylethylene, 3-innno 

O carbonylpropylene, 4-in^ocarbonylbutylene, 5-iminocarbonyIpentylene 6 , 

carbonvlhexvlene. 7™ „u ,x.___, ..... . ^Wyiane, 6-imino- 
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caxbonyJb^yleae, 7-nainocarbonyIbepty.ene , ~J 7 ' ^ 

spiyiene ' S-immocarbonyloctylene, 9-imino- 
.bonybronylene, iO-nninocarbonyldecy.ene, n-uninoearb 0nylnnd Xe 
U-^oearbon.ldodee.iene, 2^-e^eneo^enrylene, 2K3-prop yle J oxy) 

2-C3-propylenenmnocarbonyl)ethylene 6 ^j™^ • - 

. n , . . 6 ' (4 - but y Ienem un°carbonyI)hexylene 

6-(3-propylenerminocarbonvIoxv , )hevvlpT lf = « « , y ' 

aad.be bice ^"P-Pyl— ocarbdnyDhexylene 
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He groups S 6 and S 7 axe preferably seleoted from a single bond - ( CH 2 ^ 
-(CH 2 fr-0-, -(CH 2)r -CO-, - ( CH 2)l -CO-0-, -fCH.fr-0-CO-, -(CH^CO-NRl-' 
-(^ml-CO-, -(CH^NRl-, - 0 - ( CH 2)r -, -C0-O- ( CH, )r -' 

-0-CO- ( CH2)r-, -NRl-eO-(CH2)r-, -CO-m>-(CH 2 ^ -NRl-^" 
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-0-(CH2)r-CO-0- ) -0-(CH2)i-0-CO- J -0-(CH 2 )r-CO-KRl- 5 -0-(CH 2 )i-NRl-, 
-0-(CH2)r-0-, -0-(CH2)r-NRl-CO- -NRl-(CH2)r-CO-0- -NRl-(CH 2 )r-0-, 
-NRl-C^^NR 1 - -NRl-(CH2)i-0-CO-, -CO-NR 1 (CH 2 ) 1 -0-, 

-CO-NRl-(CH2>i-NRl- ) -CO-NRM^r-O-CO-, -0-CO(CH 2 )r-CO-, 
5 -0-CO-(CH2)r-0-» -0-CO-(CH 2 )r-NR 1 - > -O-CCK^^CO-O-, 

_0_CO-(CH 2 )r-GO-NR 1 - -0-CO-(CH2)r-NE.l-CO- -(CH 2 )^0-(CH2)s- 
-(CH2)r-CO-0-(CH 2 )s-, -(CH2)r-0-CO-(CH 2 )s-, -(CH2)r-NRl-CO-(CH2)s-, 
N 1 -(C^r-NRi-CO-CKO^s-, -(CH2)r-0-(CH2)s-0-, -(CH2)r-CO-0-(CH 2 ) s -0-, 

-(CH 2 )r-0-CO-CCH2)s-0-, -(CH 2 ) r -NR 1 -CO-(CH2)s-0-, — (CH2)r— NR^~ 



O 10 CO-0-(CH2) S -0- -0-(CH2)r-0-(CH2)s-, -0-(CH2)r-CO-0-(CH2) s - 

m -0-(CH 2 )j-NR 1 -CO-(CH2)s- -0-(CH 2 )r-NR 1 -CO-0-(CH2) s - 3 -0-(CH2)r-CO- 



^ 0-(CH2)s-0-, -0-(CH2)r-0-(CH2)s-0-, -0-(CH 2 ) r -KR.l-C0-(CH2) s -O- 5 

£J -0-(CH2)r-NR 1 -CO-0-(CH2)s-0- -CO-0-(CH 2 )r-0-(CH2)s-, -CO-0-(CH2)r- 

0-(CH2)s-0- 3 wherein R 1 is defined as herein above; r and s each represent an integer 

CI 

PJ 15 from I to 20; and + s < 21. It is more preferred that r and s each represent an integer from 
2 to 12. It is especially preferred that r + s < 15. 

Examples of preferred groups and include 1,2-ethylene, l 5 3-propylene, 
1,4-butylene, 1,5-pentylene, 1,6-hexylene, l s 7-heptylene, 1,8-octylene, 1,9-nonylene, 
1,10-decylene, 1,1 1-undecylene, l,12_-dodecylene, 3 -methyl- 1,4-butylene, 
20 3-propyleneoxy, 3-propyleneoxycarbonyl, 2-ethylenecarbonyloxy, 4-butyleneoxy, 

4- butyleneoxycarbonyl, 3-propylenecarbonyioxy, 5-pentyleneoxy, 5-pentylene- 
oxycarbonyl, 4-butylenecarbonyloxy, 6-hexyleneoxy, 6-hexyleneoxycarbonyl, 

5- pentylenecarbonyloxy, 7-heptyleneoxy, 7-heptyleneoxycarbonyl, 6-hexylene- 
carbonyloxy, 8-octyleneoxy, 8-octyleneoxycarbonyl, 7-heptylenecarbonyloxy, 

25 9-nonyleneoxy, 9-nonyleneoxycarbonyl, 8-octylenecarbonyloxy, 1 0-decyleneoxy, 
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10-decyleneoxycarbonyl, 9-nonylenecarbonyloxy, 1 1-undecyleneoxy, 11-undecylene- 
oxycarb.onyl, 10-decylenecarbonyloxy, 12-dodecyleneoxy, 12-dodecyleneoxy- 
carbonyl, Il-undecyleaecarbonyloxy, 3-propyleneiniinocarbonyl, 4-butyleneimino- 
carbonyl, 5-pentyleneimmocarbonyl, 6-hexyleneiniinocarbonyl, 7-heptyleneimino- 
carbonyl, 8-octyleneiminocarbonyl, 9-nonyleneiminocarbouyl, 10-decyleneimino- 
carbonyl, 11-imdecyleneiminocarbonyl, 12-dodecyleneiminocarbonyl, 2-etbyIene- 
carbonylimino, 3-propylenecarbonylimino, 4-butylenecarbonylimino, 5-pentylene- 
carbonylimino, 6-hexylenecarbonylimino, 7-heptylenecarbonyIiniino, 8-octylene- 
carbonylimino, 9-nonylenecarbonylimino, 1 O-decylenecarbonylimino, 11-undecylene- 
carbonylimino, e-CS-propyleneiminocarbonyloxy^exylene, ' 6-(3-propyleneoxy)- 
j hexylene, 6-(3-propyleneoxy)hexyleneoxy, e-O-propyleneiminocarbonyloxy)- 

Uf hexyleneoxy, ^(S-propyleneiininocaibonyl^exyl, e-CS-propylenemxmocarbonyl)- 

hexyloxy, 1,2-ethylenedioxy, 1,3-propylenedioxy, 1,4-butylenedioxy, 1,5-pentyIene- 
dioxy, 1,6-hexylenedioxy, 1,7-heptylenedioxy, 1,8-octylenedioxy, 1,9-nonylenedioxy, 
1,10-decylenedioxy, 1,1 1 -undecyienedioxy, 1,12-dodecylenedioxy and the like. 

The aliphatic, alicyclic or aromatic divalent radical K is derivable from 
| aliphatic, alicyclic or aromatic diamines by formal removal of the amino groups, 

g Examples of aliphatic or alicyclic diamines from which the radical K can be derived 

P* include ewylenediamine, 1,3-propylenediamine, 1,4-butylenemamine, 1,5-pentylene- 

diamine, 1,6-hexylenediamine, 1,7-heptylenediamine, 1,8-octylenediamine 
1,9-nonylenediamine, 1,10-decylenediamine, 1,11-undecylenemamine,' 

1,12-dodecylenechaniine, a,a'-mamino-™-xylene, a,a ^aminos-xylene, (5-amino- 
2,2,4-trimemylcyclopentyl)memylamine, 1,2-diaminocyclohexane, 4,4'-diamino- 
dicyclohexylmethane, l,3-bis(memylamino)cyclohexane, and ' 4,9-dioxa- 
25 dodecane- 1 , 12-diamine. 

Examples of aromatic diamines from which the radical K can be derived 
include 3,5-diaminobenzoic acid methyl ester, 3,5-diaminobenzoic acid hexyl ester, 
3,5-maminobenzoic acid dodecyl ester, 3,5-maminobenzoic acid isopropyl ester,' 
4,4^methylenedianiline, 4,4 1 -emylenedianiline, 4,4'-diamino-3,3 1 -dimemyldi P henyI- 



P 
? 



p 



20 



-22- 



WO 01/07495 



PCT/EPOO/06788 



methane, S^'^^-tetxamethylbenzidiiie, 4,4-diaminodiphenyl sulfone, 4,4-diamino- 
diphenyl ether, 1 ,5 -diaminonaphthalene, 3 ,3 -dimethyM^'-diaminobiphenyl, 
S^'-diaminodiphenyl ether, 3,3'-diaminobenzophenone, 4,4'-diaminobenzophenone, 
4,4Vdiamino-2,2 , -dimethylbibenzyl, 2,2-bis[4-(4-aminophenoxy)phenyl] sulfone, 
l,4-bis(4-aminophenoxy)benzene, l,3-bis(4-aminophenoxy)benzene, l,3-bis(3-amino- 
phenoxy)berLzene, 2, 7-diaminofluorene, 9,9-bis(4-acninophenyl)fluorene, 

4,4'-methylenebis(2-chloroaniline), 4,4-bis(4-aminophenoxy)biphenyl, 2,2 f ,5,5 ? -tetra- 
chlor6-4,4*-diaminobiphenyl, 2,2-dicUoro^,4 ! -diamino-5,5 ! -dimethoxybiphenyl, 
S^'-dimethoxy^^'-diaminobiphenyl, 4,4 f -(l,4-phenyleneisopropylidene)bisaniline, 
4,4 ! -(13-phenyleneisopropyUdene)bisaniIine 5 2,2-bis[4-(4-aminophenoxy)phenyl]- 
propane, 2,2-bis[3-(4-anainophenoxy)phenyl]hexafluoropropane, 2.2-bis[3-amino- 
-4-methylphenyl]hexafluoropropane, 2,2~bis(4-aminophenyl)hexafluoropropane, 
2,2-bis[4-(4-amino-2-trifluoromethylphenoxy)phenyl]hexafl 

4 ? 4 f -diamino-2,2 ! -bis(triflnoromethyl)biphenyl, and 4,4 f -bis[(4-amino-2-trifluoro- 
methy^phenoxyl^^^^^'^'^'^'-octafluorobiphenyl. 

The group J may be divalent, trivalent or tetravalent. When J is divalent, it 
serves to link the groups S 4 and S 5 , S 6 and S 7 and S 8 and N respectively of the groups 
VI to XI. It will be appreciated that when J is a divalent group, the monomer unit of 
which it forms a part is not linked to a side chain group B 4 . When J is a trivalent or a 
tetravalent group, it serves to link the monomer unit M, of which it forms a part, to 
one or two side chain groups B 4 respectively. It is preferred that the photoactive 
polymer comprises less than 75 %, of monomer units including a divalent group J, 
preferably less than 50 % and especially less than" 30 %. Monomer units M comprising 
a trivalent group J are preferred. 

The building blocks of the formulae VII, IX and XI are amic acid groupings or 
amic acid ester groupings (i.e. carboxamide-carboxylic acid groupings or 
carboxamide-carboxylic acid ester groupings) which on the one hand may occur as a 
result of incomplete imidisation in the polyimide chain. On the other hand, polymers 
that consist only of building blocks of formulae VH, DC or XI, that is to say polyamic 
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acids or polyamic acid esters, are important precursors for the preparation of the 
polymndes according to the invention and are alao included in the present invention 
Of those polymers which contain groups of formulae VH, K or XI, preference is 
given to those in which G is hydrogen, that ia to say those which consist exclusively 
5 o£ or contain some, polyamic acid groups. 

The polymers of the invention may be prepared using methods that are known 
to aperson skilled in the art and a second aspect of the invention provides a method of 
preparing a compound of formula (I) as denned above. 

The polymers of formula I, with acrylate, methacrylate and styrene derivative 
H 10 as repeating monomer unit, can be prepared in principle according to two different 
| . PrOCeSSeS ' * additi ° n t0 ** ^ ect Polymerisation, of pre-finished monomers there 
y exxsts the possibility of polymer-analogous reaction of reactive photoactive 

« derivatives with functional p olymers. 

m For the direct polymerisation, the monomers and the comonomers are firstly 

15 prepared separately from the individual components. The formation of the polymers is 
g subsequently effected in a manner known^r se under the influence of UV radiation 
Q or heat or by the action of radical or ionic catalysts. Potassium peroxodisulfate 
g dibenzoy! peroxide, azobisisobutyronitrile or di-^-butyl peroxide are examples of 
radical initiators. Ionic catalysts are alkali-organic compounds such as phenyUithium 
or naphthylsodium or Lewis acids such as BF 3 , A1C1 3 , SnCl 3 or TiCL, The monomers 
can be polymerised in solution, suspension, emulsion or substance. 

In the second process a polymer of formula I oan also be produced in a 
polymer-analogous reaction from a pre-finished functional polymer and a suitable 
functionalised photoactive derivative. Many known processes such as, for example 
esterification, trans-esterification, amidation or the etherification are suitable for 
polymer- analogous reactions. 

Acrylate, methacrylate and styrene polymers typioally have a molecular weight 
M W of from .1 000 to 5 000 000, preferably from 5 000 to 2 000 000, and especially 



Ml 

o 
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from 10 000 to 1 000 000. 
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Polyamic acids and polyimides of the present invention, may be prepared in 
accordance with known methods, such as those described iri Plast. Eng. 36 (1996) 
(Polyimides, fundamentals and applications). 

For example, the polycondensation reaction for the preparation of the 
polyamic acids is carried out in solution in a polar aprotic organic solvent, such as 
y-butyrolactone, AyV"-dimethylacetamide, TV-methylpyrrolidone or AT^-dimethyl- 
formamide. In most cases equimolar amounts of the dianhydride and the diamine are 
used, that is to say one amino group per anhydride group. If it is desired to stabilise 
the molecular weight of the polymer, it is possible for that purpose to add an excess or 
a less-than-stoichiometric amount of one of the two components or to add a 
monofunctional compound in the form of a dicarboxylic acid mono anhydride or in the 
form of a monoamine. Examples of such monofunctional compounds are maleic acid 
anhydride, phthalic acid anhydride, aniline and so on. The reaction is carried out 
preferably at a temperature of less than 100 °C. 

The cyclisation of the polyamic acids to form the polyimides can be carried 
out by heating, that is to say by condensation with removal of water or by other 
imidisation reactions with reagents. When carried out purely thermally, the 
imidisation of the polyamic acids is not always complete, that is to say the resulting 
polyimides may still contain proportions of polyamic acid. The imidisation reactions 
are generally carried out at a temperature of from 60 to 250 °C, but preferably at less 
than 200 °C. In order to achieve imidisation at rather lower temperatures there are 
additionally mixed into the reaction mixture reagents that facilitate the removal of 
water. Such reagents are, for example, mixtures consisting of acid anhydrides, such as 
acetic acid anhydride, propionic acid anhydride, phthalic acid anhydride, 
trifluoroacetic acid anhydride, and tertiary amines, such as triethylamine, 
trimethylamine, tributylamine, pyridine, AyV-dimethylaniline, lutidine, collidine etc.. 
The amount of reagents used in that case is preferably at least two equivalents of 
amine and four equivalents of acid anhydride per equivalent of polyamic acid to be 
condensed. 
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The imidisation reaction can be carried out before or alternatively only after 
application to a support The latter variant is preferred especially when the polyimide 
in question has poor solubility in the customary solvents. 

The polyamic acids and the polyimides of the present invention have an 
: intrinsic viscosity preferably in range of 0.05 to 10 dL/g, more preferably 0.05 to 
5 dL/g. Herein, the intrinsic viscosity ( ninb = In W Q is determined by measuring a 
solution containing a polymer in a concentration of 0.5 g/100 ml for its viscosity at 
30 °C using iV-methyl-2-pyrrohdone as solvent. 

The polyamic acid chains or polyimide chains of the present invention 
preferably contain from 2 to 2000 monomer units, especially from 3 to 200. 

Additives such as snane-containing compounds and epoxy-containin* 
crosslinking agents may be added to the polymers of the invention in order to improvl 
the adhesion of the polymer to a substrate. Suitable suane-containing compounds are 
described in Mast. Eng. 36 (1996) (Polyimides, fundamentals and applications) 
Suitable epoxy-containing crosslinking agents include 4,4'-methylenebis- 
(Wdiglycidylaniline), trimethylolpropane trigjycidyl ether, benzene-1,2 4 5-tetra- 
carboxylic acid l,2:4,5- W '-diglycidylaaimide, polyethylene glycol diglycidyl ether, 
iV^-diglycidylcyclohexylamine and the like. 

Further additives such a photosensitiser, a photoradical generator and/or a 
cationic photoinitiator may also be added to the polymers of the invention. Suitable 
photoactive additives include 2,2-dunethoxyphenylethanone, a mixture of 
diphenylmethanone and A^-dimemylbenzenamine or ethyl-4-(dimemylannno)- 
benzoate, xanthone, thioxanthone, Irgacure™ 184, 369, 500, 651 and 907 (Ciba), 
Michler's ketone, triaryl sulfonium salt and the like. 

The polymers according to the invention may be used alone or in combination 
with other polymers, oligomers, monomers, photoactive polymers, photoactive 
oligomers and/or photoactive monomers, depending up on the application to which the 
polymer layer is to be put. It will therefore be appreciated that by varying the 
composition of the. polymer layer it is possible to control properties such Is an 



-26- 



WO 01/07495 



PCT/EP00/06788 



induced pretilt angle, good surface wetting, high voltage holding ratio, a specific 
anchoring energy etc. 

Polymer layers may be readily prepared from the polymers of the present 
invention and a third aspect of the invention provides a polymer layer comprising a 
polymer according to the present invention in a cross-linked form. The polymer layer 
is preferably prepared by applying one or more polymers according to the invention to 
a support and, after any imidisation step which may be necessary, crosslinking the 
polymer or polymer mixture by irradiation with linearly polarised light- It is possible 
to vary the direction of orientation and the tilt angle within the polymer layer by 
controlling the direction of irradiation of the linearly polarised light. It will be 
appreciated that by selectively irradiating specific regions of the polymer layer it is 
possible to align very specific regions of the layer and provide layers with a defined 
angle of tilt. This orientation and tilt is retained in the polymer layer by the process of. 
cross-linking. 

It will be appreciated that the polymer layers of the present invention can also 
be used as orientation layers for liquid crystals and a preferred embodiment of the 
third aspect of the invention provides an orientation layer comprising one or more 
polymers according to the invention in a cross-linked form. Such orientation layers 
can be used in the manufacture of optical constructional elements, preferably in the 
production of hybrid layer elements. 

The orientation layers are suitably prepared from a solution of the polymer 
material. The polymer solution is applied to a support optionally coated with an 
electrode (for example a glass plate coated with indium-tin oxide (ITO)) by a spin 
coating process, to produce homogeneous layers of 0.05 to 50 ^im. thickness. The 
resulting layer is imidised,.if required, and may then be selectively orientated by 
irradiation with a high-pressure mercury vapour lamp, a xenon lamp or a pulsed UV 
laser, using a polariser and optionally a mask for creating images of structures. The 
irradiation time is dependent upon the output of the individual lamps and can vary 
from a few seconds to several hours. The cross-linking reaction can also be carried 
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out by irradiation using filters that, for example, only allow the radiation suitable for 
the cross-linking reaction to pass through. 

It will be appreciated that the polymer layers of the invention may be used in 
the production of optical or electro-optical devices having at least one orientation 
layer as well as unstructured and structured optical elements and multi-layer systems 
A ferther embodiment of the third aspect of the invention provides an optical or 
electro-optical device comprising one or more polymers according to the first aspect 
of the rnvention in cross-linked form. The electro-optical devices may comprise more 
than one layers. The or each of the orientation layers may contain one or more regions 
of different spatial orientation. 

The-invention will now be described with reference to the following non- 
hrmtmg examples in which Tg represents the glass temperature, C represents the 
crystalline phase, N represents the nematic phase, I represents the isotropic phase pdi 
represents the polydispersity index and p represents the number of repeating uniis in 
the polymer. Relative molecular weights were determined by gel permeation 
chromatography (GPC) at 35°C using THF as solvent with polystyrene added 
Variations of these examples falling within the scope of the present invention will be 
apparent to a person skilled in the art. 
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Examples 
Example 1 

Pre paration of Poly-fl-H l45-r4-rrgV2-methoxvcaift^ 

-rngthoxyzQ^ 
5 narbonvH-l -methvlethvlenel 



\ 




A mixture of 0.70 g (0.80 mmol) (Z,^-5-[4-(2-methoxycarbonylvinyl)- 

10 benzoyloxy]-2-[6-[2-methoxy^<methoxycarbonylvin 

acid ll-(2-methylacryloyloxy)undecyl ester and 1.32 mg (0.008 mmol) 
a.a'-azoisobutyromtrile (AJBN) in 4.0 ml dry tetrahydrofuran (THF) was degassed in 
a sealable tube. The tube was then sealed under argon and stirred at 60 °C for 17 h. 
The resulting polymer was diluted with 2.0 ml THF, precipitated into 350 ml diethyl 

15 ether and collected. The polymer was reprecipitated from THF (5.0 ml) into 400 ml 
methanol to yield 0.35 g (52%)] Poly-[l-[ll-[5-[4-[(^ 
benzoyloxy]-2-[6-[2-methoxy^ 

benzoyloxy]undecyloxycarbonyl]-l-methylethylene as a solid; M n = 7.4 x 10 4 , 

pdi = 2.12, Tg = 50.2 °C, cLp. (N/I) 68.1 °C. 
20 The (E,E)-5 -[4-(2-methoxycarbonylvinyl)benzoyloxy]-2- [6-[2-methoxy-4- 

-(methoxycarbonylvinyl)phenoxy]oxyhexyl])benzoic acid 1 l-(2-methylacryloyloxy)- 
undecyl ester used as starting material was prepared in accordance with the following 
procedure: 
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Preparation Qil g Hzcarka^ ^ 




10 



10.0 g (66.6 namo!) 4-carboxybenzaJdehyde were dissolved fa ,00 nd toluene 
and 23., g («, ^ [(methoxycartonyl)me ^ 

The reaction was slightly exothermic, lie thick pension was ^ ^ 50 ^ 
<olu«te. After IS h at room temperature ae procte _ ^ 

™ ^ » too mi i sopropyi ^ at rete temperature for , h J » ** 

men filtered off a, 0 °C, dried overnight at 45 =C under vacuum, resultfa. fa , 9 " 
(65%) (is^arboxy, cfanannc acid methy, eater aa white powder. m ^ S 

Preparation of ?-metllvlarrvll> acid 1 1 J. f , , | 



5 




19. 2 g (764 mmol) ll-bromo-i-undecanol, 7.2 g (S4.1 moi) metha0IyIic 
actd and 1.03 g (8.4 ml) 4-dfaaefay.annnopyridfae were dissolved fa I5 7 ^ 
dtchlorotnethane. The solution was subsequently coded to 0 °C and tben a solution of 
.7.4 g (84.2 mmoi) mcyclohesy.caroodiunide fa 80 ml dich.orotne.hane w^aTd 
dropwrse a, 0 °C over a period of 45 annate, The reaotion mixture was allowed to 
wann to room temperature, stirred for 19 hours and filtered. The ffltrate was 
concemrated by evaporation. The residue was purified by chromatography using a 
sthca ge column (170 g) and toluene as e.uant to give 19.3 g (98 . 4%) 
acid 11-bromoundecyl ester, y^uryuc 
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Preparation of 2.5-dihvdroxvbenzoic acid ll-^-methvlacrvlovloxv^undecvl ester 




OH 



8.46 g (54.9 mmol) 2,5-dihydroxybenzoic acid was suspended in 55 ml 
acetonitrile. 8.24 ml (54.9 mmol) l 5 8-diazabicyclo[5.4.0]undec-7-ene(l,5-5) (DBU) 
were added dropwise over a period of 10 minutes. The reaction temperature was 
allowed to rise to 40 °C. The reaction mixture was cooled to room temperature and 
19.3 g (60,4 mmol) 2-methacrylic acid 11-bromoundecyl ester was added and the 
resulting mixture was then reflux for 17.5 hours. The reaction mixture was cooled and 
then extracted using diethyl ether and water; the diethyl ether was washed firstly with 
water, then with IN sulfuric acid and finally with water, dried over sodium sulfate, 
filtered and concentrated by rotary evaporation. The residue was recrystallised twice, 
firstly form a mixture of ethyl acetate (17 ml) and hexane (100 ml) and secondly form 
a mixture of tert-butyl methyl ether (50 ml) and hexane (100 ml) to give 17.1 g (79%) 
2,5-dihydroxybenzoic acid 1 l-(2-methylacryloyloxy) ester as white crystals. 
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Preparation of CQzZdavdr^^ 
acid 1 l-r2-methvlar.rylovloxv v >TmriPr.yl ~-t Qf 



OH O 





4.76 g (12.1 mmol) 2,5-dmydroxybenzoic acid 1 H2-methylacryloyloxy) ester 
2.50 g (12.1 ramol) (i^-carboxylcinnamic acid methyl ester and 0.37 g (3 0 mmol) 
4-dimethyIarninopyridine were dissolved in 30 ml of dichloromethane A suspension 
of 2.32g (12.1 nnnol) ^-^^yls^opropyiyN,^^^^ hydrochloride 
and 25 ml dichloromethane were added dropwise over a period of 1 hour After 1 5 
hour at room temperature the reaction mixture was extracted- using dichloromethane 
and water, the dichloromethane was washed repeatedly with water, dried over sodium 
sulfate, filtered and concentrated by rotary evaporation. The residue was purified by 
chromatography using a silica gel column (240 g) using cyclohexane: ethyl acetate 
(9:1) as eluant to give 6.1 g (87%) C^-hydroxy-S-^^methoxycarbonylvinyl). 
benzoyloxyjbenzoic acid 1 l-(2-methylacryloyloxy)undecyl ester as white powder 
m.p. = 51 °C. 
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Preparation of ( ^-4-HvdroxV'3 -methoxvcirniamic acid methyl ester 



I 




o — 



25 g (0.13 mol) of (^^-hydxoxy-3-methoxyciimamic acid was dissolved in 
180 ml of methanol, and 5 ml of concentrated sulfuric acid was added thereto. The 
solution was heated at reflux for 2 hours. The majority of the methanol (about 150 ml) 
was removed by distillation and the remaining residue was poured into 500 ml of 
ice-water thereby to effect precipitation of the ester, which was then purified by 
suction filtration and washed firstly with cold water, then with a small amount of cold 
saturated sodium bicarbonate solution and finally with cold water and dried at 50 °C 
under a water-jet vacuum. The product was then purified by chromatography using 
silica gel (250 g) using dichloromethane: diethyl ether (19:1) as eluant to give 21.78 g 
of (^T)-4-hydroxy-3 -methoxy cinnamic acid methyl ester in the form of a light-yellow 
oil. 

Preparation of r^^-re-HvdroxvhexvloxvVS-methoxvcimiamic acidmethvl ester 

/ 



o. 




o 



3.92 ml (25.2 mmol) of 1,6-hexanediol vinyl ether were added to a solution of 
5.0 g (24.0 mmol) of (£)-4-hydroxy-3-methoxycinnamic acid methyl ester and 6.61 g 
(25.2 mmol) of triphenylphosphine in 150 ml of tetrahydrofuran. The colourless 
solution was subsequently cooled to 0 °C and then 11.5 ml (25.3 mmol) of a 40% 
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solution of azodicarboxylic acid diethyl ester in toluene were added dropwise thereto 
over a period of 30 minutes. The mixture was subsequently allowed to react first for 
30 minutes at 0 °C and then for 22.5 hours at room temperature. 150 ml of methanol 
and 10 drops of concentrated sulfuric acid were then added to the reaction solution 
and the mixture was stirred for 1.5 hours. The reaction mixture was then extracted 
usmg ethyl acetate and water. The ethyl acetate was washed with a saturated sodium 
bicarbonate solution and repeatedly with saturated sodium chloride solution dried 
over magnesium sulfate, filtered and concentrated by evaporation. The resulting 
residue was purified by column chromatography using silica gel (470 g) using toluene 
:ethyl acetate (1:1) as eluant. Recrystallisation from ethyl acetaterhexane (3:5) gave 
6. 13 g of 4-(6-hyaroxyhexyloxy)-3-memoxycinnamic acid methyl ester. 

Preparation of f^SWMrffm.^^ <f . 

- aethoxvcarbonvlvinyI)phenoxv1o yv h.xvnh^,n 1 V acid IW?.^^,^-. ~ 
undecvl ester 



— o 




1.24 g (2.13 mmol) C^)-2-hydrox y -5-[4-(2-methoxycarbonylvinyI)benzoyl- 
oxyjbenzoic acid ll-(2-methylacryloyloxy)undecyl ester, 0.66 g (2.13 nunc-l) 
4-(6-h y droxyhexyloxy)-3-methoxycmnamic acid methyl ester and 0.59 g (2.24 mmol) 
of hiphenylphosphine in 20 ml of telxahydrofuran. The colourless solution was 
subsequently cooled to 0 °C and 0.98 ml (2.15 mmol) of a 40% solution of 
azodicarboxylic acid diethyl ester in toluene was added dropwise thereto over a period 
of 10 minutes. The mixture was subsequently allowed to react for 3 hours at 0 °C. The 
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reaction mixture was then partitioned between ethyl acetate and water; the organic 
phase was washed repeatedly with saturated sodium chloride solution, dried over 
magnesium sulfate, filtered and reduced in volume by evaporation. The . resulting 
residue was added to a mixture of methanol and water (3:2). The resulting solid was 
separated from the solution by filtration and dried overnight at 45 °C under vacuum. 
The solid was purified by column chromatography using silica gel (150 g) and toluene 
rethyl acetate (9:1) as eluant to give 1.40 g (75 %) of . (£,^-5-[4-(2-methoxy- 
carbonylvmyl)benzoyloxy]-2-[6-^ 

hexyl]benzoic acid 1 1 -(2-methylacryloyloxy)undecyl ester as white powder. 
Example 2 

Preparation of Poly-fl-fl 1 -f^.^-2.5~di-f6-r2-methoxv-4-rmethoxvcarbonvlvinvn- 
phenoxv1oxvhexvl1benzovloxv]undecvloxvcarbonvn-l-methvlethvlene] 




This was effected using the procedure according to Example 1 using 0.S7 g 
(0.89 mmol) (^,^-2,5-di-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxy- 
hexyl]benzoic acid 1 l-(2-methylacryloyloxy)undecyl" ester to give 0.25 g 
(30 %) poly-[l-[Il-[(£,^-2,5-ch-[^ 

oxyhexyl]benzoyloxy]undecyloxycarbonyl]- 1 -methylethylene] as hard solid; 
M n = 6.9x 10 4 ,pdi= 1.95. 
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Tie (^.^-f6-[2-methcxy-4-( m e tt o Xy carbo, y Iv i n y l)ph=noxy] 0 xv. 
ta " P *" '^-memylacryloy^undecyl ester used as starting mate ^, 
was prepared in accordance with the following procedure: 

Preparation of im^MJ^ , ^ carbonVvi^^ .^ 
hexylTbenzoic acid 1 l-^-methvlacrvlny l ^nnrf^ i ..,„ 




0.50 g (1.55 mmol) 2,5-dfcydroxybenzoic acid H-(2- m =thylacryloyloxy)es.er 
0.96 g (3.10 mmol) (^6-hydroxyhexyloxy)-3-m=tho X ycinnamic acid methyl ester 
and 0.81 ml (3.26 mmol) of tributylphosphine were dissolved in 10 ml of 
tetrahydromran and 0.S2 g (2.10 mmol) of X.r^odiearbonyljdipiperidine were 
added. The mixture was allowed to react for 1 hour a, room temperature: The reaction 
nuxture was men extracted using ethyl acetate and water. The ethyl acetate was 
washed repeatedly with saturated sodium chloride solution, dried over magnesium 
sulfate, filtered and concentrated by evaporation. The resulting residue waa purified 
by column chromatography using silica gel (150 g) using tolu=ne:ethyl acetate (85-15) 
as eiuant to give 0.82 g (59 %) of (^2,5-di.f6.p-memoxy^( mefll oxy- 
careonylvmyDpbenoxyJoxyhexylJbenzoic acid I l-(2-memyla=ryloyloxy)undecyl ester 
as white powder. 

The following compounds were prepared in an analogous manner: 
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- Poly-[l-[l l-[(£^-3,5-di-[6-[2-^^ 
phenoxy]oxyhexyl]benzoyloxy]imdecyloxycarbonyl]- 1 -methylethylene] 
Mn= 1. 07x1 0 5 ,pdi = 2.90 

- Poly-[l-[l l-[(£'^3,4-di-[6-[2-methoxy^-(methoxycarbonylvm 
phenoxy]oxyhexyl]benzoyloxy]xuidecyloxycarbonyl]- 1 -methylethylene] 
Mn = 3.59x10*, pdi = 5.7 

Example 3 

Preparation of poly-fl-fl 1 -f5-F6-r2-methoxv^^i^ 
oxvhexvl1-2-r6-r3fir)-f3-methoOT^ 
oxvlundecvloxvcarbonvl'l - 1 -methvl ethylene! 




Following the procedure of Example 1 and using 0.634 g (0.624 mmol) (CE 1 ,^- 
5-[6-[2-methoxy-4-(methoxycarbonylvinyl)phenoxy]oxyhexyl]-2-[6-[3-(3-methoxy- 
-4-butoxyphenyl)acryloyloxy]oxyhexyl]benzoic. acid 1 l-(2rmethylacryloyloxy)- 
undecyl ester and 1.0 mg (0.0062 mmol) a.a r -azoisobutyronitrile (AIBN) yielded 
0.464 g (73 %) of Poly-[l-[ll-[5-[6-[2-methoxy-4^>(methoxycarbonylvinyl)- 
phenoxy] oxyhexyl]-2-[6-[3 (^)-(3-methoxy-4-butoxyphenyl)acryloyloxy]oxyhexyl] 
benzoyloxy]undecyloxycarbonyl]-l -methylethylene] as a solid; M n = 1.53xl0 5 , 
pdi = 2.54, Tg=17.7°C. 
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2-[6-[3-(3-methoxy-4-butoxyphenyl)aciyloyIoxy]oxyhexyl]benz oi c acid u (2 

T W "** W>d ^ US=d 35 materi * W prepared in accordance" 

with the following procedure: 

parapon of (EWutoxv- Wtho™,™,,,..^,. aciH m „ >w , „ f „ 




4.16 g (20.0 mmol) ferulic acid methyl eater was diaaolved in 115 ml 2 

butanone. 2.09 ntl (22.0 nnncl) „-butyl bromide and 11.06 g (80 mtnol) potassium 

carbonate were added. The reaction suspension was men heated at reflux temperature 

for 20 hours. Tne reaction mixture waa filtered. The filtrate was concentrated by 

evaporation The crude product waa recrystalliaed fiom 42 ml i^y, aIooho] 

ytelded 4.S5 g (9 2 %) ^-butoxy-S-memoxycmnamic acid methyl el as w^ 
crystals. 

Preparation of rgM-bntox v- V methn™^^;,, acid 




10 g (0.15 mol) potassium hydroxide were dissolved in a mixture of 200 ml 
methyl alcohol and 5 ml water. 4.85. g (18.35 mrnol) Y^-4-bntoxy-3- 
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methoxycinnamic acid methyl ester was added. The reaction mixture was 
subsequently heated to 60°C. After 2.5 h the mixture was concentrated by 
evaporation. The residue was dissolved in 100 ml cold water and acidified to pH=l 
with 13.5 ml hydrochloric acid 37 wt %. The product was filtered off; washed with 
water and dried at 50 °C under vacuum to give 4.24 g (92 %) (2?>4-butoxy-3- 
methoxycinnamic acid as white crystals. 

Preparation of ^g)-4-butoxv-3-methoxvcinnamic acid 6-hvdroxvhexvl ester 



/ 




Following the procedure of Example 1 and using 1.38 g (5.50 mmol) (E)-4-butoxy-3- 
methoxycinnamic acid, 0.84 g (5.50 mmol) l,8-diazabicyclo[5.4.0]undec-7-ene(l,5-5) 
(DBU) and 0.68 g (5.0 mmol) 6-chlorohexanol gave 1.39 g (79 %) (2^-4-butoxy-3- 
methoxycinnamic acid 6-hydroxyhexyl ester as colourless oil. 

Preparation of ^-2-Hvdroxv-5-r6-r2-methox^ 
oxvhexvI]benzoic acid 1 l-f2-methvlacivlovloxv)undecvl ester 



— o 
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1.27 g (3.24 »i) 2,5-dmydroxybenzoic acid n-(2-memylacryl„y 1<Mty)ester 
1.0 g (3.24 mmol) 4<6-hydroxyhexvloxv> 3 nwi, • . r'oxyjester, 
0S9»«4n n < ■ I • y>3 " meth0Xycmnamic m«hyl ester and 

a 8 9 g 3.4 ml , of ta phenylphosphine were dissolved in 20 m, of te^ahydrofuran 
tte colorless solution was subsequently cooled to 0 X and tt.cn 1 48 m! (3 40 
mmol) of a 40 % solution of azodicarboxyh'e acid diethy, ester in toluene was added 
dropwise thereto over a period of 10 minute, Th. „ 

« io mumtes. The mixture was subsequently allowed 
to react for 3 hours at 0 =C. T* reaction mixhue was then parked between ethyl 
achate and water; the organic phase was washed with repeatedly with saturated 
sodnun chlonde solution, dried over magnesium sulfate, filtered m d concentrated by 
evaporation. The residue was digest in a mixmre form methmoI md £ 
sohd was then filtered o ff and dried overnight a, 45 »C under v^ 
Chromatography of the send on 150 g of sflica go, usiug toluene : ethy, acetate^! 
yrelded 1.45 g <« %) „f W^W^.^^ 
Phenoxyjoxyhexyllbenzoic acid l.-( 2 -memylacryloy,oxy) undecyl ester as colour! j s 



20 



1 l-f2-methvlacrvTnv1ny ytandetw. ggter ' 




0.81 g (1.18 mmol) (^-hydroxy-J-fS-p-memoxy^memoxy- 
carbonylvmyDpheno^oxyhexylJbenzoic acid ll-(2-memylacryloyloxy) mtdecyl 
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ester, 0.414 g (1.18 mmol) 4-(6-hydroxyhexyloxy)-3-metiioxyciimaraic acid methyl 
ester and 0.31 ml (1.24 mmol) of tributylphosphine were dissolved in 10 ml of 
tetrahydrofuran to which a mixture of 0.313 g (1.24 mmol) of 1,1'- 
(azodicarbonyl)dipiperidine and 5 ml tetrahydrofuran was subsequently added in a 
dropwise fashion over a period of 1 hour. The mixture was allowed to react for 18 
hours at room temperature. The reaction mixture was then partitioned between ethyl 
acetate and water; the organic phase was washed with repeatedly with saturated 
sodium chloride solution, dried over magnesium sulfate, filtered and concentrated by 
evaporation. Chromatography of the crude product on 120 g of silica gel using toluene 
: ethyl acetate 4:1 and crystallisation form tert-butyl methyl ether yielded 0.63 g (62 
%) (^^-5-[6-[2-methoxy^(methoxycarbonylvinyl)ph 
-2-[6-[3-(3-methoxy-4-butoxyphenyl)acryloyloxy]oxyhexyl]benzoic acid 
ll-(2-methylaciyloyloxy)undecyl ester as white crystals. 

Example 4 

Preparation of Polv-ri-ri l-rr^^,^-3.4.5-tri46-[2-methoxv-4-rmethoyvcarboriyU 
vinvDphenoxvloxvhexvllbenzovloxvlundecvloxvcarbonvll- 1 -methvlethvlene 



\ 




o 

/ 
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Preparation can be carried out analogously to Fv amn i , 
n . s to -example 1 usins 0 50 b- fn at* 

beozo.0 ac ld n- C 2. methylaayIoyIoxy)uadKyI ^ ^ " 
^aob«„le (AffiN) ^d P^fl-PHIW^^ - methoxy . 

he^enzo, acid lH2-^^ oyloxy)miisoyl ^ ^ ^ ^ 2^ 
was warrim accordance with the following procedure: 



Preparatio- 



3,4,5-d.nvdrorvben^ ^ t. ^ . mrth .^, ,„ 




<32 3 ™; WaS „ effSCted - ta « «- —*« .o Exan.ple 1 naing 6.08 g 

(32.3 mmol) gallic acid, 5.41 a (-355 mTnAn 1 c , . 0 s 

n 5 * mm, „ * „ , ^^^^^yclotS^.OJundec-y-ene. 
(1,5-5) (DBTJ) and 6.38 g (21.5 mmol) 2-methacrylic acid 6-iodohexyl ester to * 
2.43 g (33 %). "u-Qe^yi ester to give 
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Preparation of fj?.g.iTTi-3,4.5-tri-r6-r2-me^^ 
oxvhexvlTbenzoic acid ll^-methvlacrvlovloxy^undecvl ester 



\ 




o 

/ 



Following the procedure of Example 1 and using 1.00 g (2.95 mmol) 3,4,5- 
dihydroxybenzoic acid 6-(2 -methacryloyloxy)hexy 1 ester, 2.32 g (8.87 mmol) 
triphenylphosphine, 2.73 g (8.87 mmol) (£}-4-(6-hydroxyhexyloxy)3-methoxy- 
cinnamic acid methyl ester and 4.03 ml (8.87 mmol) of a 40% solution of azo- 
dicarboxylic acid diethyl ester in toluene to give 0.95 g (27 %) of (E f E P E)- 
3 ? 4,5-tri-[6-[2-methoxy-4-(mefc^ acid 11- 

(2-methylacryloyloxy)undecyl ester as colourless oil. 

Example 5 
Polyimide 

94.2 mg (0.4803 mmol) of 1,2,3,4-cyclobutantetracarboxylic acid dianhydride was 
added to a solution of 0.500 g (0.5336 mmol) of 3,5-diaminobenzoic acid 
ll-[2-[6-[2-methoxy-4-(methoxyc^^ 

carbonylvinyl)benzoyloxy]benzoyloxy]undecyl ester in 3 ml of tetrahydrofaran. 
Stirring was then carried out at 0 °C for 2 hours. 10.4 mg (0.0530 mmol)) of 
1,2,3,4-cyclobutantetracarboxylic acid dianhydride were added. The mixture was 
subsequently allowed to react for 69 hours at room temperature. The polymer mixture 



-43- 



WO 01/07495 

p CT/EPOO/06788 

was dnu,ed with 3.0 tn, THF, precip itate d ^ I50 „, 

poiymer « reprecrpitated ta ^(,0*1) teo y^^L 
at zoom temperature under vacuum, polyamic acid. ^ 
The 3,5-diamirtobenzoic acid \i-\2-\6 n 

procedure: ^ aceoId «« ™& the following 

3,5-Dinitrobenzoic acid 1 1-bromoundecyl ester 




11.4 g (45.4 mmol) ll-bromo-l-undecanol, U0 . (47 , 

S 27 T' r, " ! S * ti0 ""~ -~.v cooled to 0 «c and U,„ 

1 0 ^Te ^ aMed * «" ° f 25 ~ ^er 4.5 

0 C the reason mmure was partitioned between dichloromethane and water Z 
organre pbase was washed repeated* with water, dried over sodium ^ 
and concentrated by rotary evaporation Chromatography of the residue V£l 
sthca gel usrng toluene yielded 18 ., e on 200 g 

ll-brotnoundecyiesterasyellowpowder. ? 3,5-drmtrobe.zoic acid 
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3,5-Dinitrobenzoic acid ll-[2,5-dihydroxyben2oyloxy]undecyl ester 

P" 
o = N + 




2.78 g (18.0 mmol) 2,5-dihydroxybenzoic acid was dissolved in 36 ml 
5 dimethylfoimamide. 2.96 ml (19.8 mmol) l ? 8-diazabicyclo[5;4.0]undec-7-ene(l,5-5) 
(DBU) was added dropwise in the course of 15 minutes. The reaction temperature rose 
to 30 °C and 8.83 g (19.8 mmol) 3,5-dinitrobenzoic acid 11-bromoundecyl ester was 
subsequently added in one portion. The mixture was then heated at 80 °C for 2 hours. 
The reaction mixture was cooled and then partitioned between dichloromethane and 
10 IN hydrochloric acid; the organic phase was washed twice with water, dried over 
sodium sulfate, filtered and concentrated by rotary evaporation. Chromatography of 
the residue on 200 g silica gel using Toluene yielded 5.28 g (57%) 3,5-dinitrobenzoic 
acid 1 l-[2,5-dihydroxybenzoyloxy]xmdecyl ester as yellow powder. 
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3,5-Dimtrobenzoic acid 1 l-[2-hydroxY-5-r4-f? rn^™~, i i . 

y^iu^y o L^-(2-methoxycarbonylvmyl)benzoyloxyl 

benzoyloxyjundecyl ester 



Q = N 



o~-N 




2.50 g (4.82 mmol) 3,5-Dinitrobenzoic acid ll-[2,5-dihydroxybenzoyloxy] 
undecyl ester, 0.99 g (4.82 mmol) (^-4-caxboxyl cinnamic acid metbyl ester and 0 15 
g (1.20 mmol) 4-dimemylammopyridine were dissolved in 12 ml of dicMorometbane 
A suspension of 0.92 g (4.82 mmol) Wta-^^^ 
hydrochloride and 10 ml dicMorometbane were added dropwise in the course of 45 
mmutes. After 3 bouts at room temperature the reaction mixture was partitioned 
between dicbloromethane and water; tbe organic pbase was wasbed repeatedly witb 
water, dried over sodium sulfate, filtered and concentrated by rotary evaporation 
Cbromatograpby of tbe residue on 100 g silica gel using toluene yielded 2 63 g (77%)' 
3,5-dmitrobenzoic acid 1 l-[2-bydroxy H^-memoxycarbonyl-vmyl^enzoyloxy] 
benzoyloxyjundecyl ester as yeUow powder. 
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3,5-Dinitxobenzoic acid 1 1 -[2-[6-[2-methoxy^-(meth^ 
oxyhexyl]-5-[4-(2-methoxycarbon^ ester 



P 

0=N 




1.00 g (1.41 mmol) 3,5-dinitrobenzoic acid 1 l-[2-hydroxy- 
5.[4-(2-methoxycarbonylvinyl)benzoyloxy]benzoyloxy]im ester, 0.436 g (1.41 

mmol) (^^-(6-hydroxyhexyloxy)-3-methoxyciimamic acid methyl ester and 0.37 ml 
(1.48 mmol) of tribulylphospbine were dissolved in 10 ml of tetrahydrofuran and 0.37 
g (1.48 mmol) of ^'-(azodicarbony^cfcpiperidine is added. The mixture was allowed 
to react for 1 hour at room temperature. The reaction mixture was then partitioned 
between ethyl acetate and water; the organic phase was washed with repeatedly with 
saturated sodium chloride solution, dried over magnesium sulfate, filtered and 
concentrated by evaporation. Chromatography of the solid on of silica gel yield 
3 ,5-Dinitrobenzoic acid 1 1 -[2-[6- [2-methoxy-4- (methoxycarbonylvinyl) 
phenoxy]oxyhexyl]-5-[4-(2-metho^ 
ester. 
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3,5-Diammobenzoic acid n.^6- M o X y^ ethoxy ^ oa 
oxyhexylJ-S- W2-m e tho Xy ca rt ,on y lv i n yl )ben Z o yl ox y]b = nzoyIoxy]lmdecyl ^ 




0.997 g (1.00 3,5-Mnhrobe^oic acid u . [2 . [6 _^ 

(m^xycart^vinyl) PhenoxyJoxyh^-C^thoxycarbonyivinyOb— 
exyjbenzoyioxyjundecy. ester and Og (4.00 mmol) of mmimi cilorid= 
■suspended in 15 ml of a mixture consisting of methanol : water ^ t 31 
(20.0 mmol) of zinc was then added in one portions, After 0.5 hour at ro om 
tetnperature 20 ml of a mixnne consisting of methanol : water 9:1 „ added to me thich 
suspension. After a further 2! hours the reaction suspension was partitioned between 
dtchlorontedtane and waler. Ihe suiting suspension was tillered, me organic phase 
was washed wrth a saturated sodium bicarbonate soiution and repeatedly with water 
The orgamc phase was then dried over sodium sulfate, Altered and concentrated by 
evaporation. Chromatography of me residue on sihca yield 3,5-Diammobenzoic acid 
1 J^-tS^-memoxy^memoxycarbonylvinyl^henoxyJoxyhexyl]- 
S-^-methoxycarbonylvinyObenzoyloxylbenzoyloxyJundecyl ester. 
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Example 6 

Preparation of Polv-f l-r6>f3.5-bisrr2-methoxv-4-rr^>2~rmethoxvcarboTiv1>viTiyl] 
phenoxvlmethvllphenoxvlhe^ 




A solution of 0.46 g (0.63 mmol) 2-methylacrylic acid 6-[3,5-bis[[2-methoxy- 
4-[(^-2-(methoxycarbonyl)vinyl]phenoxy]methyl]phenoxy] ester and 1.0 mg 

(0.0063 mmol) a.a'-azoisobutyrointrile (A1BN) in 1.6 ml dry tetrahydrofuran (THF) 
was degassed in a Schlenk tube and sealed under argon. The mixture was stirred at 
55 °C for 15 h. The resulting polymer was precipitated into 500 ml methanol and 
collected. The polymer was reprecipitated from 3.0 ml THF into 500 ml diethylether 
at 0 °C to yield 0.2 g (46%) Poly-[l-[6-[3,5-bis[[2-methoxy-4-[(£)-2-(methoxy- 
carbonyl)vinyl]phenoxy]methyl]phenoxy]hexyloxycarbonyl]-l-methyl-ethylene] as a 
white solid. 

The 2-methylacrylic acid 6-[3 J 5-bis[[2-methoxy-4-[(£^)-2-(methoxycarbonyl) 
vmyl]phenoxy]methyl]phenoxy]hexyl ester used as starting material was prepared in 
accordance with the following procedure: 
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10 



15 




195 3 n I " ° f 6 - Chl ° ro1 " «« - W to a solution of 20.04 . 

L h Tf ° f -^0WtWic acid dimethyl eater and 47.4 g (180.5 mmol) of 

,7^ Z , ^ ° f somtion waa cold 

o 0 C and men 79 m, (,80.5 mmol) of a 40% solution of azodicarboxyhc acid 
dtetityl ester in toluene were added dropwise over a period of 2 Hours and 45 minutes 
Tie nuxture waa showed to react for another 30 minutes a. 0 °C and then for 22 hours 
at room temperature. The reaction mixture waa concentrated by evaporation under 
_ The residue waa mtereti throng sihca ge, using dicUoromlane^ 
ther 35:15 as eluem. Tbe fihrate waa concentrated in vacuum and mrmer pj£ 
by cohnnn chromatography on silica gel with hexane:emyl acetate (9 :1 ) to give 17 12 
« (55%) of 5- K 6-ch I omhexvl)oxy]iaophmalic aoid dimethyl ester as a white fohU 

Preparation of n-rtfi-CMnrnh^, !-)^,.,. ^^^.,^^^ 



20 



/-OH 

6.5 g 09 . 8 nnnol) 5-[(6-chIorohexy 1 )o Xy]i sophu 1 ahc acid dimethyl ester were 
evolve a 65 ml tetrahydmmran m an amaoaphere of argon. The colourless solution 
was cooled to -25 =C and then 42 ml (41.6 mmol) of a 1 moIar solution ° 
htoumalummmnmydrid in tetiabydromran were added dropwise over a period of 30 
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minutes. The reaction mixture was carefully quenched in sequence first with 5 ml of 
methanol and then with 50 ml of a 1 molar solution of HC1 in water. The suspension 
was stirred for 1 hour at room temperature and subsequently filtered through speedex. 
The solid residue was washed carefully with 100 ml of terL-butyl-methylether. The 
5 organic phase of the filtrate was separated, washed with 100 ml of a saturated sodium 
bicarbonate solution and 100 ml of water, dried over magnesium sulfate, filtered and 
concentrated in vacuum. Column chromatography of the crude product on 250 g of 
silica gel using dichloromethanermethanol (9:1). as eluent gave 5 g (93%) of [3-[(6- 
cMorohexyl)oxy]-5-[hydroxymethyl]phenyl]methanol as a white solid. 

Preparation of fiT>-3-r4-rr3-rf6-ChlorohexvD^ 

carbonvDvinvllphenoxv1me1hvl1benzvHoxv]>3-methoxvphenvl1acrvlic acid methyl 
ester 




1.5 g (5.5 mmol) [3-[(6-chlorohexyI)oxy]-5-[hydroxymethyl]phenyl] methanol 
were added to a solution of 2.86 g (13.7 mmol) (^-4-hydroxy-3-methoxycinnamic 
acid methyl ester (see Example 1) and 3.61 g (13.7 mmol) triphenylphosphine in 20 
ml tetrahydrofiiran. The colourless solution was cooled to 0 °C and then 6 g (13.7 
20 mmol) of a 40% solution of azodicarboxylic acid diethyl ester in toluene were added 
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10 



dropwise over a period of 2 hours. The mixture was allowed to react for 2 hours a, 
0°C and then for 22 hours a, room temperate. The reaction mixture was 
concentrated in vacuum. lie solid residue was dissolved in 50 ml of dichloromethane 
washed with 30 ml of an 1 M HC. solution, 50 ml of a saturated sodium bicarbonate' 
solution and repeatedly with water, dried over magnesium sulfate, filtered and 
concentrated by vacuum evaporation. lie semicrystalline residue was dissoived in 15 
ml methanol at 50 °C. The final pmduc, crystallized on standing a. -20 °C overnight 
Recrystallization from 38 ml of methanol gave 3.5 g (96%) of (£>3.[4-rp-r ( 6 ' 

benzyl]oxy]-3-memoxyphenyl]acrylic acid methyl ester as white crystals 



Preparation of 2-MennyIacrvlic arid S=[ 2^ mS 2^S^S2 
carbonvl)vinvllnbeno r ,1 m ethvnr>h m nv 1 ,11, eYV , TOt . r 



-4-1 




382 mg (2.5 mmol) l,8-diazabicyclo[5.4.0]undec-7-e n e(l,5-S) (DBU) in 4 ml 
KN-dtmeftylformamide were added dropwise to a solution of 200 mg (2 3 mmol) 2 
methylacrylic acid in 8 m, N^-dimemylformamide over a period of 35 minutes After 
addthon of 4 mg phenothiazine, 1.5 g (2.3 mmol) (^3-t4-[[3-t(6-eW 0 roha £ yi) oxy ].5 
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[[2-methoxy^-[(is)-2-(m 

methoxyphenyl] acrylic acid methyl ester and 84 mg tetrabutylammonium iodide the 
resulting mixture was stirred at 80 °C for 25 hours. The reaction mixture was poured 
into 50 ml of an ice cold 1 M HC1 solution. The aqueous phase was extracted three 
5 times with 50 ml ethyl acetate. The organic phase was washed with 50 ml of a 
saturated sodium bicarbonate solution and repeatedly with water, dried over 
magnesium sulfate, filtered and concentrated by vacuum evaporation. Purification of 
the residue by column chromatography on 275 g silica gel using hexane: ethyl acetate 
(1:1) as eluent yielded 1.46 g (90%) of 2-methylacrylic acid 6-[3,5-bis[[2-methoxy-4- 
1 0 [(^-2-(methoxycarbonyl)vinyl]phenoxy]methyl]phenoxy]hexyl ester as yellowish oil. 

Example 7 

Preparation of Polv-ri-r6'r3.5~bisrr2-methoxv~4-fr^"2-rmethoxvcarbonvnvinvI] 
phenoxvlmethvllohenoxvlhexyfo 
15 fmethoxvcarbonvDvinvllnhenoxv] ethoxvcarbonvll- 1 -methvl-ethvlenel ( 1 : n 
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4-K^-2-( m a t ho X yoaAonyl)vi ay l]ph=noxy] m ethyl]ph e „o^ ]hexy , sstw _ „ 2 , 

mmol) 2-«c acid 2^4- fW . 2 . (meao ^ carbonyI) ^ yI]phenoxy]eth - ^ 

and 2.3 mg (0.014 mmol) o-a'-azoiaobutyxomrtle (AffiN) in 2.8 ml dry tetrahydro- 
toan (THFO was degassed in a Schlen* tube and sealed under argon. Tne mixture was 
a-ed at 55 °C for 21 h. Tie resulting polymer was precipitated into 700 ml diethy,- 
ether and coUected. The polymer was reprecipitated from 5 ml THF into 500 ml 
dtethyletherto yield 0.58 g (82%) ^HH^W-^xy+U^.^^. 

P-W(^memoxycabmryI)vmyI]pheno^ 
(1 :1) as a white solid. - • 

The 2-^ylacrylic acid 2:W2^ 
ester used as comonomer was prepared according to the following procedure: 

Preparation of " V^HvdmryphwiviW. agid m^] ggtgr 



HO 




51.2 g (312 mmol) of p-eoumaric acid were dissolved in 330ml of methanol 
and treated with 10 ml of concentrated sulphuric acid. lie solution was heated under 
reflux for 2 hours. Subsequently the majority of the methanol (about 200 ml) was 
dtsttlled off and the residue remaining behind was poured into 1.3 1 of ice-wa,er Tie 
separated ester was filtered off under suction and washed in succession with' cold 
water, with a small amount of cold NaHC0 3 solution and again with cold water 
Dtymg at 50 °C in a water-jet vacuum gave 51.1 g of 3-(4-hydro X yphenyI)acryh c acid 
methyl ester in the form of a light brownish coloured powder 
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Preparation of ( r J g)-3-r4>("2-Hvdroxvethoxv1phenvl1acrvlic acid methyl ester 




30 g (168 mmol) of 3-(4-hydroxyphenyl)acrylic acid methyl ester, 29 g (210 
mmol) of anhydrous K 2 C0 3 and a spatula tip of KI were placed in 200 ml of 
dimethylformamide. 14.91 g (185 mmol) of 2-chloroethanol were added dropwise at 
85 °C within 5 minutes while stirring. The batch was stirred at 85 °C for a further 3 
days. Subsequently, the salts were filtered off and the filtrate was concentrated to 
dryness in a water-jet vacuum. 16.1 g of (^-S-E^p-hydroxyethoxyJphenyljacrylic 
acid methyl ester were obtained in the form of white crystals after recrystallization 
from i-propanol. 

Preparation of 2-Methvlacrvlic acid 2-r4-rr^-2-rmethoxvcarbonvDviiivI'|phenoxv> 
ethvl ester 




2.56 g (30 mmol) of methacrylic acid in 10 ml of THF were slowly added 
dropwise to a solution of 6 g (27 mmol) of (E)-3-[4-[2-hydroxyethoxy]phenyl] acrylic 
acid methyl ester, 5.85 g (28.3 mmol) of N 5 N'-dicyclohexylcarbodiimide (DCC) and 
0.37 g (3 mmol) of 4-dimethylamino-pyridine in 80 ml of tetrahydrofiiran (THF). The 
batch was stirred at room temperature overnight. In order to complete the reaction 
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there were added firstly a further 1.46 g (7.1 mmol) of DCC and, after stirring for one 
hour, a further 0.5 g (5.9 mmol) of methacryhc acid. The batch was stirred for a 
further 24 hours, filtered and the filtrate was extracted 3 times each time with 200 ml 
of 5% acetic acid and 200 ml of water. The ether phase was dried over Na^O^ 
evaporated and the residue was recrystallized from cyclohexane. Subsequently, the 
still slightly impure product was filtered over a thin silica gel layer (eluent: diethyl 
ether/hexane = 1:1). This gave 8.3 g of 2-methylacryhc acid 2-[4-[(E)-2-(methoxy- 
carbonyI)vinyl]phenoxy]ethyl ester as a white powder with a melting point of 81-S2 
°C and an absorption maximum of (in CH^Cy = 306.5 nm (s = 23675 1/mol 
cm). 

Example 8 

Preparation of Poly-H 4643-r?--methoxv-4-r?.-rv m o-^-7-^ ^ hQy v^rh^ Y l > ^, r 7- f ■ 

phenoxvmethvl1-5-r2-memoxv-4-r^ 

phenoxvlhexvloxvcarbonvD- 1 -methvl-ethvlmift] 
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A solution of 0.35 g (0.48 mmol) 2-methylacrylic acid 6-[3-[2-methoxy-4-[2- 
cyano-(^-2-(methoxycarbonyl)vinyl]phenoxymeth^ 

oxycarbonyl)viiiyl]phenoxymethyl]phenoxy]hexyl ester and 0.78 mg (0.0048 mmol) 
a.a-azoisobutyronitrile (AIBN) in 1.2 ml dry tetrahydrofuran (THF) was degassed in 
a Schlenk tube and sealed under argon. The mixture was stirred at 55 °C for 16.5 h. 
The resulting polymer was precipitated into 350 ml methanol and collected. The 
polymer was reprecipitated from 3 ml THF into 350 ml methanol to yield 0.11 g 
(3 1 %) Poly-[ 1 -[6-[3-[2-methoxy-4-[2-cyano-(^ 
methyl]-5-[2-methoxy^-[(^ 

hexyloxycarbonyI]-l-methyl-ethylene] as a yellow solid. 

The 2-methylacrylic acid 6-[3-[2-methoxy-4-[2-cyano-(£)-2-(methoxy- 
carbonyl)vinyl]phenoxymethyl]-5-[2-m 

phenoxymethyl]phenoxy]hexyl ester used as starting material was prepared in 
accordance with the following procedure: 

Preparation of r^-3-r4-r3-rr6-ChlorohexvDoxvV5~rhvdroxvmethvnbenzvloxv1-3- 
methoxyphenvllacrvlic acid methyl ester 




)r-o 
o \ 

2.7 g (10 mmol) [3-[(6-cWorohexyl)oxy]-5-[hydroxymethyl]phenyl] methanol 
(Example 6) were added to a solution of 2.6 g (12.5 mmol) (£)-4-hydroxy-3-methoxy- 
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cinnamic acid methyl ester (Example 1) and 3.38 g (12.5 mmol) triphenylphosphine in 
40 ml tetrahydrofiiran. The colourless solution was cooled to 0 °C and then 5.2 ml 
(12.5 mmol) of a 40% solution of azodicarboxylic acid diethyl ester in toluene were 
added dropwise over a period of 2 hours. The mixture was allowed to react for 2 hours 
at 0 °C and then for 15 hours at room temperature. Tne reaction mixture was poured 
into an ice cold 1 M solution of HC1. The aqueous phase was extracted three times 
with a mixture of tert.-butyl-methylether/ethyl acetate. The organic phase was washed 
with a saturated sodium bicarbonate solution and repeatedly with water, dried over 
magnesium sulfate, filtered and concentrated in vacuum. Purification of the residue by 
column chromatography on silica gel using hexanerethyl acetate (1:1) as eluent 
yielded 2.2 g (48%) of (^-3-[4-[3-[(6^^^ 

oxy]-3-methoxyphenyl]acryhc acid methyl ester as an oily product that solidified on 
standing. 

Preparation of 2-Cvano-^-3-(4-hvd m xv-V- m eth oy vp h.n V T)^ Tv1 ^ ani - H methyl ester 



HO 




0.2 ml of piperidine were added carefully to a solution of 4.6 g (30 mmol) of 
vanillin, 3.4 ml (30.3 mmol) of cyanoacetic acid methyl ester and 0.5 ml of ethanol 
held at 45 °C. The product started to precipitate on cooling to room temperature. The 
cold reaction mixture was diluted with 8 ml of ethanol, filtered and washed with cold 
ethanol to give 6.5 g (93%) of 2-cyano-(^-3-(4-hydro X y-3-methoxyphenyl)acryhc 
acid methyl ester in form of yellow crystals. 
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Preparation of (J£&jMIMi^^ 

carbonvDvinvnphenoxvlmethvl^^ acid 
methvl ester 




1 g (2.2 mmol) (^-3-[4-[3-[(6-cMorohexyl)oxy]-5-[>ydroxymethyI]ben^ 
oxy]-3-methoxyphenyl]acrylic acid methyl ester was added to a solution of 0.62 g (2.7 
mmol) 2-cyano-(^-3-(4-hydtoxy-3-methoxyplienyl)acrylic acid methyl ester and 0.73 

10 g (2.7 mmol) triphenylphosphine in 10 ml tetrahydrofuran. The solution was cooled to 
0 °C and then 1.1 ml (2.7 mmol) of a 40% solution of azodicarboxylic acid diethyl 
ester in toluene were added dropwise. The mixture was allowed to react for 1 hour at 
0 °C and then it was poured into an ice cold 1 M solution of HCL The mixture was 
extracted three times with tert.-butyl-methylether/ethyl acetate. The organic phase was 

15 washed with a saturated sodium bicarbonate solution and repeatedly with water, dried 
over magnesium sulfate, filtered and concentrated in vacuum. The solid residue was 
first treated with diethylether, filtered and then it was recrystallized twice from tert.- 
butyl-methylether to give 1.1 g (79%) of (^)-3-[4-[[3-[(6-Chlorohexyl)oxy]-5-[[2- 
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me *°^fe-2<m=thoxyca*^^^ 

mettoxyphenylJ-2-oyanoacryH. acid methyl ester in form of slightly yeUow crystals. 
Preparation of ^NHhylacrvlic „Hd < p p M fa »^^' r B , 
phenoyvmethvHnhCTh Yvlheyvl pster 




0.32 ml (2 mmol) l^-diazabicyclo^^.OJundec-y-ened^-S) (DBU) in 2 ml 
W-dimemylformarnide (BMP) were added drOpwise to a solution of 0 2 ml (1 9 
mmol) 2-methylacrylic acid in 2 ml DMF. After addition of 2 mg phenothiazine 60 
mg tetrabutylammonium iodide and 1.1 g (L6 ^ C^-S-WP^-chlorohe^I). 

3-methoxyphenylM^yanoacryUc acid methyl ester in 7 ml DMF the resulting 
mixture was stirred at 80 °C for 20 hours. The reaction mixture was poured into an ice 
cold 1 M HC1 solution. The aqueous phase was extracted three times with ethyl 
acetate. The organic phase was washed with a saturated sodium bicarbonate solution 
and repeatedly with water, dried over magnesium sulfate, filtered and concentrated by 
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vacuum evaporation. The crude product was filtered through a thin silica gel layer 
(eluent: ethyl acetate). The filtrate was evaporated to dryness and recrystallized from 
ethanol to yield 0.35 g (30%) of 2-methylacrylic acid 6- [3 - [2 -methoxy-4- [2-cy ano - 
(i^-2-(methoxycarbonyl)vm^ 

carbonyl)vinyl]phenoxymethyl]phenoxy]hexyl ester as slightly yellow crystals. 
Example 9 

Preparation of Polv-ri-r6-r3,5-bisrf2>methoxv-4-r^-2-rmethoxvcarbonvl)vinv1]- 
phenoxvlmethvncvclohexvloxvlhexvloxvcarbonvn- 1 -methvl-ethvlene] 




A solution of 0.5 g.(0.7>mmol),.2rmethylacrylic acid.6-[3,5-bis[[2-methoxy-4- 
[(£)-2-(methoxycarbonyl)vinyl]phenoxy]methyl]cyclohexyloxy]hexyl ester and 1 . 1 
mg (0.007 nrmol) a.a'-azoisobutyronitrile (AEBN) in 1.7 ml dry tetrahydrofiiraix 
(THF) was degassed in a Schlenk tube and sealed under argon. The mixture was 
stirred at 55 °C for 38 h. The resulting polymer was precipitated into 500 ml 
diethylether and collected. The polymer was reprecipitated from 3.5 ml THF into 500 
ml diethylether to yield 0.29 g (58%) Poly-[l-[6-[3,5-bis[[2-methoxy-4-[(£)-2- 
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1-metfayl-ethylene] as a white solid. 



Th = 2 «-ylic acid S-[3,5-b is[[2 - msflloxy ^ K£) . 2 . (m caAo 
™y^ m o Xy]m eth y , ] c y clohe XyI ox y]h « yl es.er ^ „ ^ 
prepared in accordance wifh the Mowing procedure: 

^^^^^^^^ 

ester — UN 




7.5 g (22.8 mmol) S-KS-chlorohex-yDoxyJiaophaalic acid dimethyl ester 
(examp, to) were dissolved in 7 5 mi ethy, acetate and charged into a steel auLj 
Afber addition of 3 g of a hydration catalyst (5% RV^, JotasM " 
Company) the veaae, was cioaed and the compound waa hydmgenated a, a m^l 
— ~ of 70 =C using a constant hydrogen pressure of „ bar mtiI no j£ 
hydrogen uptage waa observed (approx. 4 hours). The reaction suspension waa cooled 
to room temperature, filtered and concentrated under vacuum to dryness. The crude 
product was essentially a cis/tiana mixture of 5- [(6 .chlorohexy,)oxy]-, 3. 0ycI o 
hexaneurearhoxylic acid dimethyl ester. H e pure cis-compound waa isolaied j J 
colourless oil by chromatography on silica ge, using hexane/ethy. acetate (4-1) as 
eluent. (yield: 6.1 g, 80%). 1 ; 88 
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Preparation of r3-rf6-ChlorohexvDoxv1-5-fhvdroxymethvl1cvclohexvllmethanol 




6.05 g (17.5 mmol) cis-5-[(6-chlorohexyl)oxy]-l,3-cyclohexanedicarboxylic 
acid dimethyl ester were dissolved in 60 ml tetrahydrofuran in an atmosphere of 
argon. The colourless solution was cooled to -25 °C and then 37 ml (36.8 mmol) of a 
1 molar solution of Hthiumaluminiumhydrid in tetrahydrofuran were added dropwise 
over a period of 45 minutes. The reaction mixture was carefiilly quenched in sequence 
first with 5 ml of methanol and then with 50 ml of a 1 molar solution of HC1 in water. 
The suspension was stirred for 1 hour at room temperature and subsequently filtered 
through speedex. The solid residue was washed carefully with 100 ml of tert-butyl- 
methylether. The organic phase of the filtrate was separated, washed with 100 ml of a 
saturated sodium bicarbonate solution and 100 ml of water, dried over magnesium 
sulfate, filtered and concentrated in vacuum. Column chromatography of the crude 
product on 280 g of silica gel using dichloromethane:methanol (19:1) as eluent gave 
4.6 g (94%) of [3-[(6-chlorohexyl)oxy]-5-[hydroxymethyl]cyclohexyl]methanol as a 
colourless oil. 



WO 01/07495 




PCT/Ei>00/06788 



Preparation of fF) .^.rA.rr^^rr< rw nm i,^ ,\ 

c^bonviwnnh. dmeMte^ H , ,^7, . „ ^-^^^lox^ 



fa* 



es 5 

M= ■ 

o 
m 

Q 

PJ 10 



15 




* 4 12 g flo ;8 ^ (iH^,.^^^ ^ 
W D and 5.24 g (19 . Snmol) were ^ 

the solution was coded to 0 °G and the, 8 . S4 g (19 . 8 Qf 
40% Sainton of aaodicarhoxylic acid diemy, ester in tohrene _ ^ ^ 
over a penod of 2 hours ^ mixhue WM „ , 0 reac( for 2 ^ ^ * 
then for 24 hours a, room temperature. The reaction mixture was fa 
vacuum. Tl. sohd residue was dissolved in 50 mi of dichloromethane washed ^ 
,0 mi of an 1 MHO solution, 50 mi of a saturated sodinm hicarhonate sdn" 
repeatedly wtth water, dried over magnesium stufate, ffltered md cmcentoted ^ 
vacuum evaporation, The crude product was crystal from methanol a, -, 0 J 
Furtter purification of me solid residue hy chromatography on sihea fusing 
dtch.oromethane/ethy, acetate (19:.) as eluen, gave 2.6 g (50%) of ^.3-* 
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cyclohexyl]methoxy]-3-methoxyphenyl]acrylic acid methyl ester as a colourless 
highly viscous oil that solidified on standing. 

Preparation of 2-Methvlacrvlic acid 6"r3.5-bisrr2-methoxv-4-rr£ t >-2-rmethoyy- 
carbonvnvinvl1phenoxv]inethvncvcIohexvloxv1hexvl ester 

O / 

o 




786 mg (5.16 mmol) l,8-diazabicyclo[5.4.0]undec-7-ene(l,5-5) (DBU) in 5 ml 
N,N-dimethylformamide were added dropwise to a solution of 413 mg (4.8 mmol) 2- 
methylacrylic acid in 5 ml N,N-dimethylformamide over a period of 30 minutes. After 
addition of 4 mg phenothiazine, 146 mg tetrabutylammonium iodide and 2.6 g (3.9 
mmol) (^-3-[4-[[3-[(6-cMorohexyl)oxy]-5-^ 

vinyl]phenoxy]methyl]cyclohexyl]methoxy]-3-methoxyphenyl]acrylic acid methyl 
ester dissolved in 10 ml N,N-dim ethylformamide the resulting mixture was stirred at 
80 °C for 20 hours. The reaction mixture was poured into 50 ml of an ice cold 1 M 
HQ solution. The aqueous phase was extracted three times with 50 ml ethyl acetate. 
The organic phase was washed with 50 ml of a saturated sodium bicarbonate solution 
and repeatedly with water, dried over magnesium sulfate, filtered and concentrated by 
vacuum evaporation. Purification of the residue by column chromatography on 270 g 
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silica gel using toluene/ethanol (9:!) as eluent gelded 2.6 g (92%) of.2-meth yI acrylic 

/ ■ , n 6 " [3 ' 5 " blSrf2 - me&ox y- 4 -fC^-2-(methoxycarbonyI)vinyl^ 
phenoxyjmethyljcyclohexyloxyjhexyl ester as yellowish oil. 

Example 10 

A two percent by weigh, solution SI of the photoactive poller A was 
prepared usmg cyclopentanone as a solvent. TJ» solution was stirred for 30 minutes a, 
room temperature. " ac 



y 



53 



Photopolymer A: 



10 




PI 



15 



20 



Solution SI was spin-coated at 2000 rpm onto two ITO (mdium-tin-oxide) 
coated glass plates, which were then dried for 30 minutes at 150°C 

Both substrates were subsequently exposed for one noinute to the polarised 
^violet hght of a 200 W high pressure mercury lamp. The intensity J ^ 
at the substrates position was measured as 1 . 1 mW/cm 2 

With the coated sides facing inwards, the two plates were assent into a 
parallel hqurd crystal cell which was filled with the nematic li q uid crystal mixture 
MLCl.OOO-OOO (Merc,). Using a polarising microscope, the ahLentql^s 
found to be excellent. Whh a tilting compensator, which was introduced Z the 
nucroscope the ahgnment of the long axis of the liquid crystal molecules was found to 
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be parallel to the polarisation direction of the uv-light which was used to photo-align 
photopolymer A. 

Example 11 

A mixture Mlcp was prepared comprising the following liquid crystalline 
diacrylate monomers: 

Monl: 




Mon3 : 

ci 
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# 



In addition to the diacxylate monomers, photoinitiator IRGACURE fr 
the composition of mixture Mlcp was as follows: ^ 



Monl 77 wt o /o 

5 Mon2 14.5 wt% 

Mon3 4.7 wt% 

Irgacure 369 1.9 wt% 

BHT 1.9 wt% 



in anisole. 



FinaUy, the solution S(LCP) „ ^ • ^ ^ 



lake „ exatnple 10. solution SI was •^ DMM m . 
£W to vernca, inciden, poIarised ^ fcr 

*«, solutton S(LCP) was spin-coated a. SOOrpn, for a ,ninu,es on top j£ 
nradtated LPP.^ To cross-ih* the U quid crystal ^ ^ 

=xpo Se d,o 1S o tt op i cuv. 1 i g h.unde rn i 6 x, gen a n nosphc r efo r 3 m i n „, es 

cross iT IT 0 ^ ^ CaPabUity ° f A the 

cross-talced u q u,d crystal layer was measured using a poiansing nticroscope It 

— d powers, which was atrther quipped with a photodiode for J ~ 
measurements. The contrast was caiculated as the ratio of the nghfinteu^ 
measured wtth the optical axis of the crossed houid crystal iaycr JenteH^ 
0 ut respect to one of the polarisers. The high connas, of 1 20 0:1 dentonstra.es 2 
excellent alignment capability of photopolymer A. 
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